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SECTION I . INTRODUCTION 


The Sky lab program provided man's first opportunity to live and 
work in near Earth space for extended periods. Skylab utilized exper- 
tise and hardware from the earlier Mercury, Gemini and Apollo programs. 
The Skylab program consisted of three separate missions designated 
SL-1/2, SL-3 and SL-4. SL-1 was the designation for the Saturn V in- 
serted orbital assembly with SL-2, SL-3 and SL-4 being designations for 
crew delivery via Uprated Saturn I l s including the stay period in the 
orbital assembly and the return flight. 

The Skylab missions were designed to investigate the ability of man 
to live and work in the alien environment of "zero-g" near Earth space 
for prolonged periods of time. Evaluation of man's aptitudes and physio- 
logical responses in space and his post flight adaptation were prime 
goals. Performance of corollary and student derived experiments in a 
variety of scientific and technological regimes as well as performance 
of solar astronomy and Earth resource observations were also major ob- 
jectives. 

Three crewmen manned the orbital assembly during each mission. 

Crews consisted of a commander, a science pilot and a pilot. Listed 
below are the crews for each mission. 


SL-2 

Commander 
Science Pilot 
Pilot 

SL-3 

Commander 
Science Pilot 
Pilot 

SL-4 

Commander 
Science Pilot 
Pilot 


Charles Conrad, Jr. 
Joseph P. Kerwin 
Paul J. Weitz 


Alan Bean 
Owen Garriott 
Jack R. Lousma 


Gerald P. Carr 
Edward G. Gibson 
William R. Pogue 


Skylab consisted of four separate modules. These four modules as- 
sembled together formed the orbital assembly (see figure 1-1). The mod- 
ule designations were the Apollo Telescope Mount built in-house at Mar- 
shall; the orbital Workshop built by McDonnell-Douglas Western Division; 
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the Multiple Docking Adapter built by the Martin-Marietta Denver Divi- 
sion,* and the Airlock Module constructed by the McDonnell-Douglas East- 
ern Division. The Command Service Module was built by North American 
Rockwell, docked with the Multiple Docking Adapter and was a part of 
the habitable environment during manned missions. Although the Instru- 
ment Unit was situated in the orbital assembly, it was considered part 
of the alunch vehicle and became inactive as planned during the early 
orbital phase of SL-1. The payload shroud was built by the McDonnell- 
Douglas Western Division and was successfully flown and jettisoned follow- 
ing orbital insertion of SL-1. 


The four Skylab modules , which were first mated together to form 
the orbital assembly at Kennedy Space Center were mounted atop the 
S-II/S-IC stages of the Saturn V vehicle. The vehicle formed therefrom 
was launched from Kennedy Complex 39A on May 14, 1973. Eleven days 
later on the 25th day of May, the first flight crew, SL-2, was launched 
from Complex 37 to rendezvous with the orbital assembly which was cir- 
cling the Earth in a 234 nautical mile orbit with a period of 93 minutes. 
The SL-2 crew returned to Earth on the 22nd of June. After a 36 day 
storage period the SL-3 crew was launched on a 59 day mission. The 
last storage period between SL-3 and SL-4 lasted 52 days with SL-4 being 
launcned on 10 November for a mission lasting until the 8th of February, 
1974. When the last crew returned to Earth, the final day of the Skylab 
mission was the 9th of February, which was devoted to unmanned engineer- 
ing evaluation of selected systems. At this time the orbital assembly 
was inerted and "parked" in a gravity gradient attitude. A mission 
profile is provided in figure 1-2, 

Table 1.1 correlates the calendar date with the two standard tem- 
poral references used during the flight which were Day of the Year (BOY) 
and Mission Day (MD) . '• J 


This report is concerned with the mission performance of the Skylab 
environmental and thermal control systems. The report was prepared by 
the Life Support and Environmental Branch of the Propulsion and Thermo- 
dynamics Division in Marshall Space Flight Center's Astronautics Labora- 
tory. _ The document also gives a brief description of each sybsystem to 
familiarize the reader with the basic system configuration. Preflight 
anticipated and actual flight performance are discussed including sig- 
nificant anomalies and discrepancies as well as remedial actions. The 
environmental, and thermal control systems of the Airlock, Multiple Dock- 
ing Adapter and Orbital Workshop modules of the orbital assembly are 
addressed. The thermal systems in the Apollo Telesc.dpe Mount are cov- 

eV ui i^ n 6 ^ 8 i 1 * Th Crew EVA / IVA support systems from the airlock 
umbilical interface, including the astronaut suit and support equipment, 
were the responsibility of elements of the Johnson Spacecraft Center 
and as such are not detailed herein. Performance of other Skylab sub- 
systems are reported In separate documents (see Table 1.2). 
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t 1973-74 ) 

DAY 

OF 

YEAR 

MISSION 

PERIOD 

206 

12-5 

339 


20 

20 7 

12-6 

340 



208 

12-7 

341 


22 

209 

12-8 

342 


23 

210 

12-9 
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Table 1.1 SKYLAB MISSION DAY TIME REFERENCE 




Table 1.2 

Sky lab System Reports 


TMX-64808 

TMX-64809 

TMX-64810 

TMX-64811 

TMX-64812 

TMX-64813 

TMX-64814 

TMX-64815 

TMX-64817 

OT-64818 

TMX-64819 

THX-64820 

TMX-64821 

TMX-64822 

TMX-64823 

TMX-64824 

TMX-64825 

TMX-64826 


HSFC Sky lab Final Program Report 

MSFC Skylab Corollary Experiments Final Technical Report 
MSFC Skylab Airlock Module Final Technical Report 
MSFC Skylab Apollo Telescope Mount Final Technical Report 
MSFC Skylab Multiple Docking Adapter Final Technical Report 
MSFC Skylab Orbital Workshop Final Technical Report 
Skylab Mission Report-Satum Workshop 

MSFC Skylab Apollo Telescope Mount Summary Mission Report 
MSFC Skylab Attitude & Pointing Control System Mission 
Evaluation Report 

MSFC Skylab Electrical Power System Mission Evaluation Report 
MSFC Skylab Instrumentation & Communication System Mission 
Evaluation Report 

MSFC Skylab Corollary Experiments Systems Mission Evaluation 
Reoort 


MSFC Skylab Apollo Telescope Mount Experiment Systems Mission 
Evaluation Report 

MSFC Skylab Thermal & Environmental Control System Mission 
Evaluation Report 

MSFC Skylab Apollo Telescope Mount Thermal Control System 
Mission Evaluation Report 

MSFC Skylab Structures & Mechanical Systems Mission Evaluation 
Report 

MSFC Skylab Crew Systems Mission Evaluation Report 

MSFC Skylab Contamination Control Systems Mission Evaluation 

Report 


A number of integrated subsystems were utilized in making the Sky- 
lab a comfortable "home" in space for the astronauts. The active heat- 
ing and cooling systems, the gas circulation loop and the passive thermal 
control coatings combined to maintain the internal thermal environment 
within an acceptable band. The active cooling system also provided a 
heat sink for numerous coldplated components. The two gas control sys- 
tem along with venting and pressurization components served to provide 
a 5 PS1A mixed oxygen/nitrogen atmosphere during manned operations as 
well as providing control pressure for some equipment and pressurant 
gas for certain operational equipment and experiments. The gas 
system also provided oxygen to the crewmen during EVA activities. The 
carbon dioxide and humidity removal systems controlled the levels of 
these two metabolic products, along with providing removal of contami- 
nants from other sources, to assure a safe and comfortable atmosphere. 

Tlie ATM C&D and EREP water loops provided cooling for coldplated elec- 
tronic components in these prime experiment packages and a water cooling 
loop providing cooling to the crewmen during EVA activities. Finally, 
the food and certain biological wastes were maintained in an acceptable 
temperature regime by the refrigeration subsystem. Taken collectively 
these subsystems made up the Sky lab environmental and thermal control 
sys terns. 

The planned orbital attitude of Sky lab was nominally to be solar 
inertial with the exception of Z-local vertical maneuvers to make re- 
source observations. However, due to the loss of the meteoroid shield 
during SL-1 boost, certain maneuvers were necessary to avoid overheating 
the orbital assembly prior to deployment of an improvised solar shield 
at the beginning of the first manned mission. As an added mission bonus 
the comet Kohoutek passed in near proximity to Earth looping around the 
Sun in the time frame of SL-4. To take advantage of this scientific 
event special maneuvers were executed to optimize observation and study 
of this celestial visitor. 

To circumvent the loss of the meteoroid shield, an umbrella type 
shield was ferr.ed up to Sky lab with the SL-2 crew. Deployment of this 
shield allowed i . s. »ing a near normal first mission. Later, during SL-3, 
another shield was deployed external to the original shield allowing 
the internal temperatures to reach preflight anticipated values As- 
sessment of the design and performance of these shields are detailed 
herein. 

Overall, the thermal and environmental control systems maintained 
an acceptable environment for the crews and experiments. However, in 
addition to the shield anomaly discussed above, other anomalies occurred 
such as sticking of the temperature control valves in the Airlock Module 
cooling loop, leakage of coolant in both of the airlock coolant loops and 
failure of the refrigeration subsystem bypass valve. Management of these 
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systems and remedial actions to achieve a successful mission despite 
these anomalies required the close coordination and ingenuity of various 
design and analysis groups within the Marshall and Johnson Centers sup- 
ported by elements of the prime contractors. Completion of mission ob- 
jectives, a wealth of scientific information, along with favorable crew 
comments on the livability of Sltylab attest, to the success of these 
coordinated efforts . 
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SECTION II. ATMOSPHERE CONTROL SYSTEM 


A. Configuration 

The configuration of the CO 2 , humidity, and odor control sub- 
systems are discussed in the following paragraphs. 

!• Carbon Dioxide Control System Configuration. The partial 
pressure of CO 2 was controlled in the cluster during the Skylab 
missions by the molecular sieves located in the Airlock Module. There 
was also a lithium hydroxide (LiOH) system located in the CSM which 
was capable of controlling the partial pressure of CO 2 when the CSM was 
isolated from the rest of the cluster. The LiOH System also could have 
been used for a short time in a contingency mode to control the par- 
tial pressure of CO 2 in the cluster should the two molecular sieve sys- 
tems have failed. 

Figure 2-1 presents an overall schematic of the cluster Atmosphere 
Control System, showing the location of the molecular sieves. Figure 
2-2 presents a schematic of one of the two molecular sieves, also 
called the Regenerable CO 2 Removal Systems (RCRS) . As shown in figure 
2-1, the cluster atmosphere containing 02, N2» water vapor and CO 2 was 
pulled into the Atmosphere Control System by one of the two compres- 
sors in each of the molecular sieve systems, after first passing 
through solids traps. Check valves were located downs tream of each 
compressor to prevent backflow through the inactive compressor. The 
gas then flowed through one of the two condensing heat exchangers 
where the dewpoint of the gas was lowered to approximately 47 °F. The 
condensing heat exchanger to be used was selected by an air flow diver- 
ter valve downstream of the two condensing heat exchangers. 

Only one of the two molecular sieves (Mole Sieve A) was in use 
at one time for CO 2 removal. However, cluster atmosphere was also 
circulated through one condensing heat exchanger, the charcoal canister 
and the bypass muffs in the inactive molecular sieve, in order to pro- 
vide additional water vapor and odor removal capability. In the RCRS 
with the active molecular sieve, preflight test data indicated that 
approximately 34 CFM would be pulled in by the compressor and split 
into three paths so that approximately 10 CFM would flow through the 
molecular sieve, 11 CFM would flow through the charcoal, and 13 CFM 
would flow through the bypass muffs. In the RCRS with the inactive 
molecular sieve, approximately 29.0 CFM would be pulled in by the 
compressor and split into two paths so that 13.0 CFM would flow 
through the bypass muffs. 

Each molecular sieve consisted of two separate beds, each bed 
containing 10.35 pounds of type 13X Zeolite (used as a pre— dryer 
section) and 7.0 pounds of type 5A Zeolite (used for CO 2 removal). 
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Figure 2-1. Atmosphei^-pcWtrdl System,.., 
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Figure 2-2. Single Molecular Sieve System 



l^7t StUre , VTeSen ^ in the 10 CFM that flowed int0 the molecular sieve 
. uld have almost all of tha moisture in it removed by the 13X Zeolite 

the°bed r ^ maXimize the C0 2 rem °val efficiency of the 5A portion of 

During the normal operation of a molecular sieve system, each 
sorbent canister operated on a 15-minute half cycle to alternately 
adsorb CO 2 and H.,0 from 10. 0 CFM (15.5 Ib/hour) cabin gas flow and de- 
sorb to vacuum. The gas selector valves were cycled automatically 
by the pneumatic valves and the solenoid valve selector switches 
The design C0 2 removal rate was 6.75 lb/day. The design inlet C0 9 
partial pressure was 5.5 mm Hg or less with one molecular sieve sys- 
tem operating. The electrical power required for the operation of 

each system was 57.7 watt-hours May at 24 VDC, exclusive of exhaust 
auct heaters. 

Cabin C0 2 partial pressure was measured at the inlet to each 
molecular sieve system. Outlet C0 2 partial pressure was measured 

moi^ 0 i SenS ? r8 at ?? ouClet of the 80 r bent canisters of the operating 
olecular sieve. Onboard display and telemen try (TM) of the inlet mea- 
surements for both molecular sieve systems and one of the outlet mea- 
rements for the active molecular sieve system were provided. The 
outlet measurements both fed the Caution and Warning (C&W) System. 
Maximum specification inaccuracy of the transducers was Hg. 

• j hG f? rbenC canisters could be baked out electrically when re- 
?^ ed ! Tha actdve molecular sieve canisters were baked out at the 
? 6a ? h I ° anned phase of the mission. During the manned 
?! mission, they were to be baked out when the PCOn level 

? t. f 8radati ° n - A of ^12 watt-hours at 24 VDC were 

svste? The ? ?? ° f b ° th Sorbent caaia ters in each molecular sieve 
ystera. The sorbent canister housing was cooled by gas flow through the 

during bakeout. Bakeout time was a minimum of fivfhour,/ 

6 12 ' h ° Ur C ° Cl ^ Per±0d the' 

Each molecular sieve system had redundant cycle timers and man- 
ual interconnect valves which provided isolation and permitted use 

solenoid Etching valves. In addition, each sorbent 
canister had a separate bakeout heater temperature controller. 

In th ! ! VSn 5 thaC mo re than one sorbent canister could not have 
m . operated , the inlet PC0 2 could have been limited to 12 mm Hg 
maximum with one canister operation for the design C0 2 removal rite 
. b. day and an inlet dewpoint temperature of 52o? or less. 

er 0 unH h L=r rb ° ard ga !f ^° 3S f ° r 3 raolecular system was shown by 

to be - n ^ ? V rivl inlet dewpo:tnt temperature range of 40°F to 52°F 
,, ,, lb/day. The 0 2 and N 2 losses varied from 1.5, to 2 1 ' 

lb/day for 0 2 and 0.44 to 0.69 lb/day for N 2 . 
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After passing through the molecular sieve bed, the charcoal bed 
and the bypass muffs, the flows were recombined in the active molecular 
sieve system and the charcoal and bypass flows were recombined in the 
inactive molecular sieve system. The flows from the two systems were 
then combined and dumped into the molecular sieve outlet duct. A di- 
verter valve located in the duct allowed the crew to direct the atmos- 
phere control system outlet either to the MDA, to the OWS, or to split 
the flow between the two. 

Monitoring capability for the CO? Control System is summarized in 
Table 2.1. 


Table 2.1. CO 2 Performance Monitoring Capability 



MEASUREMENT 

TM 

C&W 

ONBOARD 

DISPLAY 

1 . 

C0 2 PARTIAL PRESSURE 
AT COMPRESSOR INLET 

D209 , D213 

X 

Panel 203 

2. 

CO 2 PARTIAL PRESSURE 
AT MOLECULAR SIEVE 
OUTLET 

D210, D214 

X 

Panel 203 

3. 

MOLECULAR SIEVE BED 
TEMPERATURE 


X 

Panel 203 

4. 

MOLECULAR SIEVE OVER- 
BOARD DUMPLINE 
TEMPERATURE 

C266, C267 



5. 

MOLECULAR SIEVE FLOW 

F210, F211 

X 



RATE 

6. COMPRESSOR DELTA P D212, D216 


2. Humidity Control System Configuration - The cluster humidity 
was controlled during the Skylab missions by the four condensing heat 
exchangers and by the two molecular sieves, all of which were located 
in the Airlock Module. There was also a condensing heat exchanger lo- 
cated in the CSM which was capable of controlling humidity when the 
CSM was isolated from the rest of the cluster. 
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Of the four condensing heat exchangers in the system, two 
were nominally in use, one in each molecular si^ve system. The 
capability of the condensing heat exchangers to condense moisture 
was determined by the coolant inlet temperatures. Nominal speci- 
fication temperature of the coolant inlet to the condensing heat 
exchangers was 47 °F with a controlled range of + 2°F. The per- 
formance capability of the condensing heat exchangers was great 
enough so that the dewpoint of the outlet gas flow was normally 
within one or two degrees of the coolant inlet temperature. 

There were two coolant loops which flowed through the condensing 
heat exchangers, each flowing approximately 265 lb/hour. Half of * the 
primary and half of the secondary coolant flows went to each molecu- 
lar sieve system. In each molecular sieve system, there were 
shut-off valves located such that the crew could direct all of the 
coolant flow that came to each system through one condensing heat 
exchanger, or allow half to each, thus putting one quarter of the 
total primary and one quarter of the total secondary flow through 
each condensing heat exchanger. The nominal operating mode was 
to route all of the primary and all of the racondary flow that came 
to each molecular sieve system through condensing heat exchanger A 
in each system. 

Gas flow into the condensing heat exchanger in the active 
molecular sieve system was approximately 34.0 CFM while specification 
gas flow into the condensing heat exchanger in the inactive molecular 
sieve system was approximately 29.0 CFM. 

The Condensate Remove! System, figure 2-3, provided the 
capability of removing the condensate collected in the condensing 
heat exchangers, and storing it in the AM condensate tank, located 
in the STS portion of the AM and in the OWS condensate holding 
tank, located in the forward dome area of the OWS. The primary 
method of subsequent disposal of the stored condensate was to 
dump the condensate through a dump probe, located in the Waste Manage- 
ment Compartment (WMC) , into the waste tank. An alternative method 
of disposal was to dump the condensate from the AM condensate tank 
overboard through one of the two AM condensate vents. Other usages 
of the Condensate Removal System included the provision to remove 
gas from the liquid/gas separators, the capability to evacuate and 
deservice Life Support Umbilicals (LSUs) and Pressure Control Units 
(PCUs) , the capability to receive CSM waste tank water, and the pro- 
vision to Initially wet the plates in the condensing heat ex- 
changers. Both liquid/gas separators were built into a single 
unit which was connected to the water side of the condensate removal 
system. The separators were isolated from each other and protected 
against back flow by redundant check valves. Two spare liquid/gas 
separators units were stored in the AM. The HX plate service QD 
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Figure 2-3. Condensate Control System 






was used to provide an initial delta P for wetting the plates in 
the condensing heat exchangers. It was also used to transfer water 
from the GSM w.:ste tank to the condensate holding tank. 


Each condensing heat exchanger contained' two in-flight re- 
placeable water separator plate assemblies. An additional four 
water separator assemblies were carried in permanent stowage con- 
tainer No. 202 in the AM for use as in-flight replacements. All 
12 water separator assemblies were launched dry with both sides of 
the plates vented to cabin. These plates could be serviced in orbit 
by the moisture which was initially condensed in the heat exchanger 
(self-wetting) or by several inflight servicing techniques. 

Servicing and deservicing support consisted of providing 13 
pounds of condensing heat exchanger separator assembly wetting solu- 
tion stored withir. the spare condensate module. The water solution 
contained 10 A Roccal (biocide) , and 1% Sterox NJ (wetting agent) by 
volume. For normal plate servicing, the tank module was strapped down 
adjacent to the H 2 0 separator service position QD in the STS and 
connected sequentially to each separator plate by a plate adapter. 

Valving on the spare module was used to force water from the tank 
through the plate. 

To preserve fluid and the normal service capability after an 
in-flight condensate module replacement, a jumper hose permitted trans- 
fer of service fluid between condensate modules. When water solution 
was unavailable from either module, the manual pump could be used as 
a pressurant source to service with condensate from the installed module. 
In addition, the manual pump could have been used with the spare module 
for a fast service of a single plate In the OWS or STS. During the 

flight, servicing was performed normally so these alternate methods 
were not required. 

After servicing, the pressure within the storage tanks was 
sufficiently low to cause moisture condensed In the heat exchangers 
to be forced through the exchanger water separator plates and trans- 
ferred into the storage tank by compartment ambient pressure. When 
the condensate tank pressure increased to approximately 0.5 PS I 
below cabin ambient pressure, the collected condensate and gas were 
dumped. A caution signal on the C & W system was provided when the 
cabin ambient-to-condensate tank pressure differential decreased to 
0.4 PSID. 


Operation of the Condensate Removal System was accomplished 
primarily from panel 216 (figure 2-3) . During normal operation, the 
H2° valve was in the "FILL" position and the PRESS valve was in the 
"CLOSED” position. The FILL QD and the DUMP QD were connected. 

The OWS inlet hose (also called the OWS condensate tank inlet hose) 
was connected at both the OWS condensate holding tank and at panel 
393 (figure 2— 3__. The PRESS valve and the DUMP valve on the holding 
tank were both closed. Condensate from the condensing heat ex- 
changers could fill up the water sides of the AM condensate 
tank and the OWS condensate holding tank. Since the holding tank 
Weis over 40 times as large as the condensate tank, over 40 times as 
much condensate could be stored in the holding tank. Either tank could 
have been operated without the other on line, except that, unless 
the AM condensate tank was on line and the H 2 0 valve was in the 
FILL" position, it was not possible to monitor the delta P betweem 
condensate system and cabin. When the AM condensate tank was 
full, the condensate and gas in the system could be dumped over- 
board through 1 of the 2 AM solenoid dump valves , or dumped 
back into the holding tank. Condensate and gas In the holding 
tank were dumped into the waste tank by dumping through the WMC 
water dump prove. Figure 2-4 presents a schematic of all dump 
proves into the waste tank. The holding tank was connected 
to the WMC water dump probe by using the holding tank dump hose, 
the portable tank/WMC H 2 G connector, the sterilization fitting, 
and the WMC water dump line. The water dump valve on panel 831 
and the dump valve on the holding tank controlled the dumping of 
condensate into the waste tank. The PRESS valve on the holding 
tank and the condensate press fitting allowed cabin gas into 
the gas side to help ”push” the condensate out of the holding 
tank and into the waste tank. After this had been accomplished 
the PRESS valve was connected to a QD in one of the SALs by 
the vacuum hose and the gas side of the holding tank was dumped 
to a vacuum again. 
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Dumping of the AM condensate tank overboard was 
accomplished by positioning the manual condensate tank * 
pressure valve in the "PRESS" position so that cabin pres- 
sure was applied to the gas side of the bladder, placing the 
manual condensate tank H 2 0 valve in the "DUMP" position, and 
opening the valve in the dump line. When the position of 
the condensate tank bladder indicated the water was dumped, 
the condensate tank H 2 0 valve was placed in the "FILL" posi- 
tion. The valve in the dump line was then closed. Prior to 
the AM overboard dump operation, the exit line electrical 
heater was used to warm the exit line as required, and one 
of the two solenoid valves at the exit was powered. 

The Condensate Removal System employed redundant 
check valves in the transfer line, overboard dump line exits, 
solenoid valves and electrical heaters. The condensate tank 
module was in-flight replaceable. A spare condensate tank 
module was carried in the STS and transferred to the OWS during 
initial activation. Table 2.2 presents a summary of the mon- 
itoring capability for the dewpoint control system. 

3. Odor Removal System Configuration - Odor removal in 
the cluster was provided during the Skylab missions by two 
charcoal canisters in the AM and by one charcoal canister 
in the OWS. The charcoal canister in the OWS was part of the 
Waste Management Compartment (NMC) ventilation unit, which 
was mounted on the forward compartment floor over the WMC. 

This assembly was composed of a fan, charcoal bed, filters, 
and sould suppressor assembly. The fan was an Apollo PLV 
(Post-Landing Ventilation) fan and was replaceable. The 
charcoal canister contained activated charcoal and was 
also replaceable. Removal of Particulate matter, hair, and 
lint from the OWS atmosphere was provided by the combination 
of a fine and coarse filter at the inlet to the assembly. A 
cut-away view., show in figure 2-5, indicates the overall 




dimensions and the various screen mesh sizes. The fine inlet screen 
was upstream of the coarse inlet screen. The upstream restraining 
screen for the activated charcoal was 60 mesh, with the downstream 
restraining screen being a 10-micron filter. All of the atmosphere 
flowing through the WMC, except compartment leakage, was drawn in 
through the circular diffuser in the floor of the WMC, passed 
through the fan/filter assembly, and was discharged into the for- 
ward compartment. 

During normal operation, the WMC fan was planned to be 
operated continuously whenever the WMC was occupied. The antici- 
pated fan/ WMC flow at a nominal 26 VDC was 105 CFM with fan opera- 
tion and approximately 18 CFM without fan operation. 

The configuration of the AM odor removal charcoal canister 
in the Molecular Sieve System was discussed in paragraph- II . A.l. 


Table 2.2. 


Humidity Performance Monitoring Capability 



MEASUREMENT 

m 


C&W 

ON BOARD 
DISPLAY 

1 . 

DEWPOINT TEMPERATURE 

C207 5 

C215 


Panel 203 

2. 

COOLANT INLET TEMPERATURE 
TO COND. HX. . 

C209, 

C217, 

C210 

C218 



3. 

COOLANT OUTLET TEMP. 
TO COND. HX. 

C211, 

C219, 

C212 

C220 



4. 

COMPRESSOR GAS INLET 
TEMPERATURE 

C205, 

C213 


Panel 203 

5. 

CONDENSING HX. GAS OUT- 1 

LET TEMPERATURE 

C206, 

C214 


Panel 203 

6. 

CONDENSATE TO CABIN 
DIFFERENTIAL PRESSURE 

D208 


X 

Panel 216 

7. 

CONDENSATE VENT TEMPERATURE 




Panel 216 

8. 

CONDENSATE HX. GAS FLOW 
RATE 

F210, 

F211 

X 


9. 

CONDENSATE HX. COOLANT 
FLOW RATE 

F214, 

F215 
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i _ 4 ‘ Contam ination Removal System Confi guration - Material 

e ection control was utilized to minimize material offgassing and sub- 

fT vS UP ° f contaminant levels. In addition atmospheric analysis 
during nrtffiuht f ‘ T^ 1 Dou S las - Eas tern Division and the OWS at KSC 

material sfleef ° U ' ? “ S6d t0 provlde c ° a fidence that this 

lavff aelection control was adequate in minimizing contaminant 
levels. No measurable contaminant levels were noted during OHS testing 

l Car °l“ leVSl ° f 23 PPM was aoted during HDA/L testing 
tint ° f diSpe ” aoa of simultaneous CO readings during the MDA/AM % 
test it was concluded that the 23 PPM level was unrealistic and a 
much lower level could be expected in-flight. 

* he charcoal canisters in the molecular sieve unit and waste 
tnnl r e T ent ? ystems > condensing heat exchangers (CHX) and 13X and 5A 
olecular sieve material had considerable capability to scrub the cabin 

co ll c ,° ntaminants (figure 2-6). Analysis of Apollo char- 

afc MSP? thS presence of contaminants. Tests run 
" r CHX had Capabilit y CO remove contami- 

removaldevice ” ateri f was a ver y effective contaminant 

and cm i t:- ? 0f contaminant a tested along with mole-sieve 

and CHX removal efficiency is shox*n on Table 2.3. This list nf mn 

bTjSc n and Wa th C ° mPil f fl r th0SG f ° Und ±n Ap ° 31 ° ^Shts L supplied 
by JSC and others selected because of the likelyhood that they would 

e found in the Skylab atmosphere. The possibility that significant 

ui up of contaminants would occur was very small because of material 

selection control and the presence of onboard removal devices. 

B. System Performance 

control f' ^~ b ° n D1 °^ lde (C0 ^ Control Sy stem Performance - The CO, 

No ha f , y * performed very well throughout all of the Skylab missions 
anf f fad3ures ° f an y type were experienced on molecular sieve A 
j a result, molecular sieve B was never activated. Molecular 
A wa ® °perated continuously throughout the 84 days of the SL-4 

tion of all available data indicates they performed n^r p^- 
dieted values. Means other than the molecular sieve sensors to 
monitor C0 2 levels were available onboard the Skylab. Unfortunately, 


T 


T 



Figure 2-6. Atmosphere Contaminant Removal 




Table 2.3. Molecular Sieve Contaminant Test List 


CONTAMINANT 

TEST 

INLET 

CONCENTRATION, PPM 

REMOVAL 

CHX 

EFFICIENCY, % 

1* HYDROGEN 

900. 

CD 

1’IU la b i. li V ii 

0. 

2. AMMONIA 

60. 

Cl) 

100. 

3. METHYL CHLORIDE 

20. 

Cl) 

100. 

4. FREON 12 

500. 

CD 

100. 

5, BENZENE 





D . 

8.7 

100. 

6. FREON 113 

500. 

CD 

100. 

7. XYLENE 

50. 

Cl) 

100. 

8. TOLUENE 

50. 

Cl) 

100. 

9. ACETONE 

500. 

Cl) 

100. 

10. ISOPROPYL ALCOHOL 

100. 

Cl) 

100. 

11. ACETALDEHYDE 

50. 

2.6 

100. 

12. METHYL ISOBUTYL KETONE 

10. 

33 

100. 

13. DICHLOROMETHANE 

25. 

Cl) 

100. 

14 . CARBON MONOXIDE 

75. 

Cl) 

0 . 

15 . METHYL CHLOROFORM 

90. 

15.2 

100. 

16. METHYL ETHYL KETONE 

100. 

1.1 

100. 

17 . COOLANOL 15 

50. 

89. 

100. 

(1) Not tested. 
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one of them - the portable CO2 /dewpoint monitor - had failed earlier 
due to the high temperatures in the OWS where it had been stowed, 
and could not be used. The other method involved using the Ml 77 
mass spectrometer in the OWS. Prior to and following each M171 
performance, a sample of cabin gas was analyzed by the mass spec- 
Lrometer , and the percent, by volume, of O2, H2O, and CO2 in the 
cabin gas were read out to the ground by the crew. By knowing the 
cluster total pressure at the time, it was possible to calculate the 
partial pressures of 0 2 , H 2 0, and C02. (It was decided to only use 
the data for the cabin gas sample taken prior to ML71. It was felt 
that any residual gases from the crews 1 breath remaining in the 
system following an M171 performance could affect the values of the 
sample obtained after an M171 performance.) 

^ oon a ^ ter MDA hatch opening on SL-2 , it became apparent 
that the readings from the molecular sieve PCO2 sensors varied some- 
what from each other and from the preflight predictions. Throughout 
all of the^missions, the M171 mass spectrometer data were used to 
calibrate the molecular sieve inlet C0 2 sensors. Eighteen data 
samples during SL-2, 27 samples during SL-3 and 36 samples during 
bL-4 were obtained and used. Analysis of all the data resulted in 
the conclusion that the molecular sieve A inlet sensor (D209) re- 
mained within specification limits while the molecular sieve B 
inlet sensor (D213) was sometimes outside of specification limits. 

since b °th D209 and D213 provided lower indicated CO2 
levels than expected during SL-2, the cartridges were returned and 
checked. They were found to be good. In order to provide a further 
c leek on the sensors, a special set of cartridges was carried by the 
-3 crew which could be used to check the zero calibration of the 
CO2 sensors. The D209 sensor was calibrated and found to be very 
accurate near zero (within .15 mm Hg) . Although a calibration was 
performed on the D213 sensor, it was not successful. It was later 
determined that the sensor had a faulty 0-ring (replaced during 
SL-4) which caused erratic readings throughout SL-3. 

The calibration data from the M171 mass spectrometer 
lave been used, along with the molecular sieve inlet sensor (D209) 
readings, to produce CO2 profiles for the missions and the results 
are Presented in figures 2-7, 2-8, and 2-9. The correction used 
on the D209 data averaged approximately 0.9 mm Hg and the correction 
always increased the quoted level from the level indicated by D209. 

As a result, the data provided are believed to represent an upper 
limit on the actual CO2 levels. As indicated by the data, the CO2 
level during SL-2 was near tiie preflight prediction of 5.0 mm Hg. 

The level was slightly higher during SL-3 with the daily average 
generally being 5.5 mm Hg or lower. The level increased above 
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Partial Pressure of C0 ? (mu Hg) 



Time (Day of Year) 

Figure 2-9. SL-4 Partial Pressure of C0 2 Profile 


3 


4th EVA 



5.5 inm Hg after DOY 227 and a bakeout was performed on DOY 231 after 
which the level returned to lower values. The higher C02 levels dur- 
ing the bakeout (figure 2-8) were a result of the long bakeout times 
(Table 2.4) with only one bed functioning. As reported previously, 
the C02 levels were maintained at desired levels throughout SL-4 
without a molecular sieve bakeout. The significantly lower CO 2 
levels depicted during EVA days were a result of reduced CO 2 genera- 
tion rates with only one crewman internal to the vehicle and the 
smaller volume of atmosphere being conditioned with the hatches closed. 

b. Molecular Sieve Bakeout Summary - In additon to the 
mid-mission bakeout during SL-3, bakeouts were performed at the be- 
ginning of each mission. A summary is provided in Table 2.4. The 
long bakeout times reflected for the bakeout of bed 1 during SL-3 
activation and for both beds during the SL— 3 mid— mission bakeout 
resulted from scheduling convenience. 



Table 2.4. Mole 

Sieve Bakeout 

Summary 



Bed 1 

Bed 2 

SL-2 

Initiate Bakeout 

146:18:05 

147-14:45 


Terminate Bakeout 

146;23:30 

147:19:41 


Total Duration ‘<Hours) 

5:25 

4:56 

SL-3 

Initiate Bakeout 

210:01:30 

210; 1.1:50 


Terminate Bakeout 

210:11:50 

210:17:40 


Total Duration (Hours) 

10:20 

5:50 


Initiate Bakeout 

232:01:10 

233:02:04 


Terminate Bakeout 

232:12:30 

233:16:12 


Total Duration (Hours) 

11:20 

14:08 

SL-4 

Initiate Bakeout 

321:15:43 

321 >21:15 


Terminate Bakeout 

321*21:15 

322 ,c 03: 15 


Total Duration (Hours) 

5:32 

6:00 


c. Molecular Sieve Timers - The molecular sieve A timers 
functioned properly throughout the mission. The primary timer was 
used during most of the missions and accumulated over 13,500 cycles. 
The secondary timer accumulated approximately 2500 cycles. The 
cycle time was normal for both timers and was a few seconds less 
than 15 minutes. 


On several occasions during the missions^ cycle inter- 
rupts occurred but all were, found to be due to crew activities. An 
apparent cycling problem during SL-3 activation was found to be due 
to a failure of the crew to properly open the bed cycle N 2 supply 
valve. Molecular sieve bed "2" remained in adsorb for approximately 
three hours as a result of this problem. However, the bed recovered 
after cycling was initiated. 

d. Molecular Sieve Compressor Performance - Molecular sieve 
compressors performed satisfactorily throughout the missions. As 
expected, based on preflight testing, the indicated flows from the 
flow sensors were erratic (a discussion is provided in Section III). 
However, compressor delta P was available via telemetry and the 
use of these data along with compressor delta P versus flow allowed 
the determination of compressor flow rates. The resulting flow fates 
are provided in Table 2.5 and compare well with expected values of 
34 CFM for an operating molecular sieve and 29 CFM for a non-operating 
sieve. 


Table 2.5. Mole Sieve Compressors AP 
and Flow Rate Summary 


Mole Sieve 
Compressor 

Mole Sieve 

AP at 5.0 PSIA 
(in. H 2 0) 

Compresso: 
Flow Rate 

MS A Pri 

Off 

7.13 

28.3 

MS A Pri 

On 

5.96 

31.5 

MS A Sec 

Off 

6.66 

29.3 

MS A Sec 

On 

5.42 

33.6 

MS B Pri 

Off 

5.82 

31.9 

MS B Sec 

Off 

6.98 

28.5 


During SL-3 activation the molecular sieve B secondary 
compressor inverter failed. The primary compressor was operated 
throughout the remainder of the missions. Normal operation for 
molecular sieve A was switched to the secondary compressor in order 
to provide balancing of AM electrical bus loads. 

e. CO 2 Instrumentation Discrepancies - In addition to the 
concern relative to specification sensor accuracy (+ 1.4 mm Hg) , which 
was discussed in paragraph B.l.a of this section, several instrumenta- 
tion discrepancies occurred during the missions. They are summarized 
briefly in the following paragraphs. 


(1) Molecular Sieve B Inlet Sensor (D213) 0-Ring - Data 
provided by the subject sensor were erratic during the SL-3 mission. 
The cause of the problem was determined to be associated with seating 
of the O-ring on the sensor endplate. The 0-ring was replaced at the 
beginning of SL-4 and the sensor data stabilized. 

(2) Tape Recorder Data Dump Effect on Molecular Sieve B 
Inlet Sensor (D213) - Each time the AM tape recorders were dumped via 
telemetry a transient increase in the indicated CO 2 level from the 
molecular sieve B inlet sensor was observed. The indicated level re- 
turned to normal within one to two minutes. 

(3) Molecular Sieve Bed Cycling Effect on the Outlet 
CO 2 Sensor (D210) - A transient increase in indicated outlet CO 2 level 
was seen after each bed cycle. Typical outlet sensor profiles are 
provided in figure 2-10. It was determined that the increase was 
caused by a backflow of unconditioned gas (from the bypass and char- 
coal bed flow paths) into the sensor during the bed cycle. The in- 
dicated level returned to normal during the adsorb cycle. 

2. Humidity Control System Performance 

a. Cluster Dewpoint Levels - Dewpoint levels in the cluster 
were generally maintained within the required 46 to 60 °F band during 
the Skylab missions. Profiles for the three missions are provided 
in figures 2-11, 2-12, and 2-13. Off nominal coolant inlet tempera- 
tures to the condensing heat exchangers during the periods of time 
when the thermal control valves (TCVB) were stuck (Section VII.) 
influenced the cluster dewpoint and produced transient dewpoints 
below 46 °F. This influence is seen clearly in figure 2-11 and is 
also evident in figure 2-12 and 2-13. While the system was operating 
with the secondary coolant loop TCVB stuck and not modulating, the 
outlet temperature increased with beta angle. While this change was 
not normally great, its influence can be seen in figure 2-13 during 
the high beta period beginning at approximately DOY 11. Dewpoints 
somewhat below 46 °F during EVA periods were expected due to the 
lower water production rates with only one crewman providing moisture 
and a reduced effective volume. The level quickly returned to normal 
following the EVA. A typical EVA dewpoint profile is provided in 
figure 2-14. Another factor which influenced the dewpoint for short 
periods of time was operation of the shower. This was most evident 
during SL-4 and some of the showers are designated on figure 2-13. 

On one occasion (DOY 19) the increased dewpoint level during a shower 
contributed to condensation in the aft cabin heat exchangers (see 
Section VII) . 
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GMT TIME (DOY 155) 

Figure 2-10. SL-2 Mole Sieve A Outlet PCO^ (D210) During Bed Cycles 








Figure 2-11. SL-2 Dewpoint Temperature Profile 
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DEWPOINT TEMPERATURE, °F 



One concern prior to the first mission was that prelaunch 
purges and the unplanned purges and high temperatures during the period 
between SL-1 and SL-2 launch might have removed enough moisture from 
cluster^ hygroscopic materials such that moisture addition to these 
materials during the activation period would hold the dewpoint below 
the minimum level of 46 °F for an excessive period of time. However 
the atmospheric moisture buildup time was not excessive and the dew- 
point had increased to 46 °F in seven hours. This buildup was aided 
by high crew water production rates as they worked in the hot OWS 
prior to shield deployment. The effect of the cluster hygroscopic 
materials was seen in activation dewpoint levels during SL-3 and SL-4. 
The initial dewpoint levels should have been well below the initial 
levels shown on figures 2-12 and 2-13 due to storage depressurization 
and repressurization with dry gases. It is hypothesized that moisture 
addition to the atmosphere from the materials produced the initial 
levels seen. 


b. Condensing Heat Exchanger Freezing - As a result of 
coolant inlet temperatures considerably below freezing on DOY 158 
after the sticking of both the primary and secondary coolant loop 
thermal control valves (Section VII.), the water in the "A” heat 
exchangers for molecular sieves A and B froze. (The "B" condensing 
heat exchangers were not in operation.) No direct observation of 
freezing in the heat exchangers was made by the crew. However, the 
crew reported noise associated with the compressor gas flow and com- 
mented that they could feel no flow through the compressor, indicating 
a blocked flow path. After the heat exchangers thawed out, the sys- 
tem operated normally. 

c. Molecular Sieves A and B Heat Exchanger Gas Outlet 
Temperature Instrumentation Discrepancy - On DOY 219 following EVA #1 
on SL-3, the crew notified the ground that the Mole Sieve heat ex- 
changer outlet temperatures were reading low. The crew later re- 
checked and verified that the mole sieve A gas outlet temperature 
reading onboard was 36°F and the mole sieve B gas outlet temperature 
was 25 F. This data was also available via telemetry and at the same 
time the ground readings were over 49 °F for both MS A and MS B. The 
coolant inlet temperatures at that time were around 47 °F and since 
the gas outlet temperature was known to be 1-2 °F above the .coolant 
inlet temperatures, it was concluded that the TM values on the 
ground were correct and the onboard meter readings were incorrect. 

The readings onboard were incorrect for the remainder 
of SL-3. On DOY 329 of SL-4 the ECS systems housekeeping check 
(HK70U)^was performed for the first time on SL-4 and the readings 
were 45 °F for mole sieve A gas outlet and 47 °F for mole sieve B gas 
outlet, which were within a few degrees of the telemetry values. 
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Sometime between the end of SL-3 and MD 10 of SL-4 the problem had 
corrected itself. No more problems with the onboard gas outlet 
readings were experienced. 

d. Condensing Heat Exchanger Plate Wetting — Comments from 
all the crews on voice tapes and in debriefings indicated that wetting 
of the plates for the condensing heat exchangers was performed nomi- 
nally. On SL-2, the crew commented that the wetting went well, but 
it was hard to tell when the plate became wetted. On both SL-3 and 
SL-4 the crews commented that the plates appeared to be already wetted 
prior to performance of the wetting procedure. However, the proce- 
dure was completed to insure complete wetting. 

On SL-2 the plates were wetted beginning about 9 hours 
after opening the hatch. During this 9 hours only about an hour had 
been at conditions where the dewpoint was greater than the coolant 
inlet temperature. On SL-3, the plates were wetted about 24 hours after 
opening the MDA hatch. Almost all of this period was with the dew- 
point greater than the coolant inlet temperature. On SL-4, not quite 
8 hours elapsed from opening the MDA hatch until wetting the plates, 
but during all of this period the dewpoint temperature was higher 
than the coolant inlet temperature. The original set of condensing 
heat exchanger plates were used throughout all the missions. 


e. Condensate Removal System - The system performed its required 
function of atmospheric moisture control as is evident from the dewpoint 
levels presented in paragraph B.2.a. in this section. Other functions 
such as servicing/deservicing LSU/PGUs, servicing heat exchanger 
separator plates and removing water from the CSM waste tank were 
supported in a normal manner 

However, many more condensate dumps were performed than 
had b^en planned due to gas leaks into the system. The leaks are -dis- 
cussed in C.l. of this section. Figures 2-15, 2-16, 2-17 present the 
condensate system to atmospheric differential pressure profiles for 
the missions. During the period of SL-3 when the gas leak persisted 
for 32 days, the system was dumped on a daily basis in order to pro- 
vide the differential pressure required for the condensate removal 
function to be carried out. 


An incident of OWS waste tank dump probe blockage oc- 
curred during SL-3 and is reported in C.2. of this section. 
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SL-3 Condensate 














3 * O dor ^ Removal System Performance - The only means available to 
evaluate- the performance of the odor removal system was via crew v v 
comments, . Comments received during' technical debriefings of all three 
cr6w S indicated that the system performed very well. The following 
is taken from the SL 1/4 Technical' Debriefing, pg, 12-24. 


Odor Removal: 'No problems. The odor removal system in 

the workshop was outstanding. Odors just did not persist. They 
were very quickly removed. The waste management compartment odor 
removal was outstanding. There way no way anyone using the waste 
management compartment offended or bothered anyone else in the 
workshop . We x<rere amazed how well the odors were removed and how 
good the workshop smelled in general. I thought that we were 
going to have to get used to some very peculiar odors during our 
mission up there. When we entered the workshop, we were quite 
pleasantly surprised to find that there was no particular odor 
that bothered us. It stayed that way the entire time. I wouldn't 
guarantee that very much longer, because as we mentioned before, 
we left the workshop in the as-used condition, with little or no 
cleaning. " 


Table 2.6 summarizes the charcoal canister useage and re- 
placements during the missions. 


Table 2.6, Charcoal Canister Usage 


MISSION 


REPLACE MOLE SIEVE 
CHARCOAL CANISTERS (2) 


REPLACE WMC 
CHARCOAL CANISTERS 


SL-2 


172/10:50 


172/08:25 


SL-3 

SL-4 


247/17:20 

267/15:30 

364/20:50 


Total Used - 10 
(2 Installed -f 8 spares) 

Total Launched - 10 
(2 Installed + 8 spares) 


247/16:00 

267/09:00 

346/ (time not known) 

009/ (time not known) 

Total Used - £ 

(1 Installed + 5* spares) 

Total Launched - 6 
(1 Installed + 5 spares) 
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Con t ami nation Removal System Performance --Loss of the-' meteoroid 
shield during boost caused high OWS temperatures with suspected off- 
gassing of contaminants (carbon monoxide and toluene diisocyanate) 
from the OWS polyurethane foam. A vent /repressurization scheme de- 
scribed in Section VI. 3. 3 was initiated to purge the cluster of the 
contaminants prior to SL-2 crew entry. The SL-2 crew took toluene 
diisocyanate (TDI) samples using Draeger tubes and CO samples with 
a Mine Safety Appliance device prior to entry. There was no indica- 
tion of the presence of 'TDI and less than 25 PPM of CO. The device 
used to measure CO levels gave only an approximate value since it 
was a color changing material and one color represented 0-25 PPM. 

Also problems had been encountered with the material changing coljr 
in the 0-25 PPM range while stored. The SL-3 and SL-4 crew took one 
TDI sample each with no indication that this contaminant was present 
in the cluster. The last too crews, on every occasion that they sampled 
for CO, found that the sensing material had changed to the 0-25 PPM 
color duj'ing storage. Therefore the CO level was less than 25 PPM, 
but no estimate of the absolute value could be made. 

During SL-3 ; Coolanol-i5 leaks in the All primary and secondary 
coolant loops were detected. It was impossible to determine whether 
these leaks were inside or outside the spacecraft so the possibility 
existed that amounts of Coolanol were leaking into the cabin area. 

A conservative analysis (leak rate of .15 Ib/day of Coolanol) indi- 
cated a level of less than 10 PPM of Coolanol in the cluster atmos- 
phere. This analysis assumed Coolanol removal by the WMC and Mole- 
Sieve charcoal canisters, condensing heat exchangers, and mole-f.ieve 
material. This calculated level could be in the form of Coolanol-15 
as well as secondary butyl alcohol and isopropyl alcohol which result 
when water and Coolanol combine. 

Analysis was performed on five C02 cartridges returned from 
the SL-2 and SL~3 missions. Three of the cartridges showed no evi- 
dence of either Coolanol-15 or the products of Coolanol-15 hydrolysis. 

Two of the sensors showed both Coolanol-15 chemical signature and 
traces of isopropyl alcohol and secondary butyl alcohol. It was con- 
cluded, therefore, that Coolanol was present within the Skylab. 

However, due to the demonstrated ability of onboard equipment to 
remove Coolanol from the atmosphere, it is unlikely that any signifi- 
cant amount of Coolanol was present in the atmosphere. 

An analysis was also performed on three AM charcoal filter 
samples which were returned as well as one unexposed sample for control. 
The samples were vacuum-thermally desorbed and the desorbates were 
analyzed by gas chromatography-mass spectrometry, in addition, one 
sample from mid-mission SL-4 was selected for a wet chemical analysis to 
determine the presence of Ammonia, Hydrogen Sulfide, and Mercaptans. 
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Individual component identification was accomplished for the 
or absence of over 240 compounds* 


presence 


. . * her ? were more than thirty compounds which were identified 

in these samples. Four compounds; methyl, ethyl, and isopropyl alcohols 
an acetone; constituted 81-93% of the total recovery, exclusive of 
water. Water recovery constituted approximately 20% of the weight of 
charcoal desorbed. Traces of Coolanol 15 were also present. The 
complete results of the chemical analysis is shown in Table 2.7. 


TABLE 2.7 


COMPONENTS DESORBED FROM SKYLAB CHARCOALS 
Unexposed Charcoal 


Compound 

MW 

u e/s 

Propane 

\ 

44.09 

0.077 • 

Butane 

58.12 

0.061 

Propylene 

42.08 

1.2 

1-Butene 

56.10 

0.12 

2-Pentene 

70.13 

0.047 

Isoprene 

68.11 

0.017 

2-Hexene 

84.16 

0.0012 

Cyclohexane 

84.16 

0.24 

Toluene 

92.13 

0.21 

Methyl alcohol 

32.04 

0.28 

Ethyl alcohol 

46.07 

0.068 

Isopropyl alcohol 

60.09 

0.26 

Acetone 

58.08 

0.28 

Acetonitrile 

41.05 

0.049 

Total Excluding Water 


2.90 

Water 


1.5 X 10 4 


TABLE 2.7 (Cont.) 


Charcoal #S/N 101-135 Mid Mission SL-3 


Compound 

MW 

us/s 

Ereon 12 

121.00 

0.30 

Freon 113 

187.39 

3.6 

Propane 

44.09 

1.1 

Butane 

58.12 

1.1 

Hexane 

86.17 

0.24 

n-Heptane 

100.20 

0.089 

Propylene 

42.08 

8.4 

Methyl acetylene 

40.07 

0.05 

1-Butene 

56.10 

5.9 

2-Butene (cis) 

56.10 

2.4 

2-Pentene 

70.13 

0.90 

Isoprene 

68.11 

•1.0 

2-Hexene 

84.16 

1.7 

Methylcyclohexene 

96.17 

0.029 

Cyclohexane 

84.16 

0.11 

Benzene 

78.11 

0.0018 

Toluene 

92.13 

0.096 

p -Xylene 

106.16 

0.098 

Furan 

68.07 

1.3 

Methyl alcohol 

32.04 

33. 

Ethyl alcohol 

46.07 

37. 

Isopropyl alcohol 

60.09 

61. 

Isobutyl alcohol 

74.12 

0.11 

Acetone 

58.08 

40. 

Ethyl acetate 

88.10 

5.5 

Butyl acetate 

116.16 

0.12 

Coolanol 15 


<0.3 

Total Excluding Water 


205.8 

Water 


2.07 X 
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TABLE 2.7 (Cont.) 


Charcoal S/N 30-111 End of Mission SL-3 


Compound 

Freon 12 

Freon 113 

Ethane 

Butane 

Hexane 

n-Heptane 

Ethylene 

Propylene 

Methyl acetylene 

1- Butene 

2- Pentene 
Isoprene 
2-Hexene 

Methylcyclohexene 

Cyclohexane 

Benzene 

p -Xylene 

Furan 

Methyl alcohol 
Ethyl alcohol 
Isopropyl alcohol 
Isobutyl alcohol 
Acetone 
Ethyl acetate 
Butyl acetate 
Coolanol 15 

Total Excluding Water 
Water 


MW 

ug/g 

121.00 

0.49 

187.39 

0.97 

30.07 

0.049 

58.12 

0.25 

86.17 

0.40 

100.20 

0.067 

28.05 

0.041 

42.08 

2.4 

40.07 

0.03 

56.10 

2.0 

70.13 

0.37 

68.11 

0.13 

84.16 

0.86 

96.17 

0.035 

84.16 

0.075 

78.11 

0.072 

106.16 

0.15 

68.07 

0.075 

32.04 

7.6 

46.07 

7.5 

60.09 

17. 

74.12 

0.074 

58.08 

18. 

88.10 

3.4 

116.16 

0.041 


<0.2 


61.84 


2.11 X 10 5 
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TABLE 2.7 (Cont.) 

Charcoal S/N 00-117 Mid-Mission SL-4 


Compound 

MW 

pg/g 

Freon 12 

121.00 

0.12 

Freon 113 

187.39 

0.28 

Propane 

44.09 

0.021 

Butane 

58.12 

0.032 

Hexane 

86.17 

0.11 

Propylene 

42.08 

0.15 

Methylacetylene 

40.07 

0.020 

1-Butene 

56.10 

0.12 

2-Butene (cis) 

56.10 

0.033 

2-Pentene 

70.13 

0.61 

Isoprene 

68.11 

. 06 I 

2-Hexene 

84.16 

0.013 

Cyclohexane 

84.16 

0.030 

Benzene 

78.11 

0.0068 

Toluene 

92.13 

0.018 

Furan 

68.07 

0.058 

Methyl alcohol 

32.04 

7.8 

Ethyl alcohol 

46.07 

2.8 

Isopropyl alcohol 

60.09 

12 . 

Isobutyl alcohol 

74.12 

0.0065 

Acetone 

58.08 

13. 

Ethyl acetate 

88.10 

0.20 

Acetonitrile 

41.05 

0.20 

Unidentified - 0^3 Hydrocarbons 


0.10 

Coolanol 15 


<0.04 

Ammonia 


12.20 

Hydrogen Sulfide 


1.41 

Mercaptans (as ethyl mercaptan) 


1.09 

Total Excluding Water 


38.30 

Water 


1.98 X 


C . Anomalies 


of t-hh — * densafce System Leaks . - As reported in paragraph B.2 e 
during the C SkyLr^issions! ere eXper±enced int0 the condensate systen 

5* LI — 

„ ° J he holding tank, it was concluded that gas leakage into 

the gas side of the AM condensate tank was responsible (figure 2 181 

Ind holding°tlTf e m ° dUle WSS n0t inStalled ’ however, stoce m 5 ' 

cold xng tank dumps were performed infrequently and were of 
short duration. This leak was also observed" on sLequ^t missions. 

iflsrS r? *•*?• *^iH2=SSl^ 

M - g s ^ ea kage was isolated to plumbing within the Airlock 
Module, the exact location of the leak coul! Lt be established 

" ?* qU ^ k disconnects were developed and incorporated into 

ing d"™1tio n n P orthe r du; p 

the condensing heat exchLger cLLnS^i^Lt^Llves? 1081118 
start of SL-wS e / ySt r a ^ Vatloa was oompletely normal at the 

pi®L a f operations. Following disconnection, system delta 
P decreased to zero within approximately 15 minutes. After at- 
tempts to Stop the leak using a universal sealant were ^successful 
a cap launched on the SL-4 GSM was installed on the disconnected Qd’ 
and no further evidence of leakage was observed. sc °™ected Q D 
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MOLE SIEVE B 

































2. Waste Tank Dump Probe Blockage - On DOY 242 during SL-3, 
the waste management system failed to completely dump the OWS 
condensate holding tank per procedure HIC60T; maximum condensate 
system delta P was 3.8PSID.,, whereas the normal level following a 
dump was 4.0 to 4.5BSID.. At this time the dump probe was being 
operated on the Bus 2 heater, the following morning the crew turned 
on the dump probe Bus 1 heater for about 30 minutes, but the dump 
line remained clogged. The water dump valve was also cycled some ten 
times to no avail. At 242:18:38 a brief 35- P8I hot water dump utiliz- 
ing the WMC water heater did clear the dump line; the dump probe Bus 2 
heater was in use at this time. . A condensate holding tank dump opera- 
tion was then initiated, but the maximum delta P obtained was only 
3,7 PS ID; a crew check of the dump line using the condensate press 
fitting revealed that the line was again clogged. Another 35- PST 
hot water dump was attempted, during which the dump probe Bus 2 
heater was turned off and the Bus 1 heater was turned on. About 
30 minutes after this operation the condensate press fitting showed 
the dump line was clogged. Because of the elapsed time between 
this hot water dump and the installation of the condensate press 
fitting, a third hot water dump was initiated at 243:00:53, still 
utilizing the dump probe Bus 1 heater. Immediately after this 
dump the condensate press fitting was installed so as to purge the 
dump line. This did clear the dump line, after which a slow but 
successful holding tank dump was performed. On DOY 243 another 
successful holding tank dump was performed. This dump was very 
slow, indicating that the probe was partially blocked. On DOY 244, 
the holding tank dump per procedure HK60B J (which pressurizes the 
gas side of the holding tank bellows) was unsuccessful. At this 
time the decision was made to replace the WMC water dump probe 
assembly. At 244:21:07 the CDR reported that the probe replace- 
ment was complete, and that the old probe had ice in the tip. 

The holding tank was then dumped per HK60B’ without incident, 
indicating proper operation of the new probe assembly. On MD-42 
the crew performed an electrical continuity test of the removed 
dump probe; all readings were normal. The crew also checked the 
probe for contamination by inserting and withdrawing a length of 
safety wire, and by blowing through the probe; no contamination 
was found. Exact cause of probe freezeup is not known; however, 
all subsequent water dumps through the new probe were successful. 


• SECTION III. CLUSTER VENTILATION SYSTEM 
A. Configuration 

The Cluster Ventilation System is shown schematically by 
figure 3-1. There were two molecular sieve systems to provide for 
atmosphere purification (CO 2 removal), odor removal, and moisture 
removal. Two parallel ducts with a compressor and condensing heat 
exchanger in each duct supplied flow to each molecular sieve system. 
Normally, one compressor and one condensing heat exchanger in each 
system were operated for humidity control. However, only one 
molecular sieve unit was operated. The second unit was redundant 
and would have been used in the event of a failure of the primary- 
unit. Total flow through the system with the operational molecular 
sieve unit was approximately 34 CFM with 10 CFM through the active 
sieve bed, 11 CFM through a charcoal canister, and 13 CFM through 
the bypass. Total flow through the system with the redundant 
molecular sieve operation and the function of the various elements 
of the molecular sieve unit are discussed in Section II. 

Exhaust flow from the molecular sieve systems was delivered 
to a distribution duct in the STS. This flow could then be diverted 
to the MDA or the OWS or split between the two depending upon the 
position of the air selector valve located in the STS duct. The 
position of the selector valve was manually controlled. Ambient 
atmosphere from the STS was drawn into the duct, mixed with the 
revitalized atmosphere from the molecular sieve systems and routed 
toward the OWS. Four fan/heat exchanger assemblies, located in 
the AM aft compartment, provided atmosphere cooling for the OWS. 

The cool gas from these heat exchangers was mixed with the molec- 
ular sieve/interchange duct flow and delivered to the OWS mixing 
chamber. 

Three OWS ventilation ducts were routed from the mixing 
chamber to the distribution plenum, which was between the crew 
quarters and the waste tank dome. Atmospheric flow was produced 
by the fan clusters mounted in each duct. The crew quarters 
floor was equipped with adjustable diffusers which allowed the 
atmosphere to circulate through the crew quarters and back to 
the forward compartment. A portion of the flow then went to the 
AM through the OWS forward hatch for revitalization. The remainder 
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Figure 3-1. Cluster Ventilation System 
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was drawn into the mixing chamber and recirculated in the OWS. 
Figure 3-2 is a plan view of the OWS crew quarters floor showing 
the arrangement of the ventilation diffusers. 

When the Waste Management Compartment (WMC) door was closed, 
the \-JMC became a sealed compartment. There was a charcoal canister 
and fan assembly located above the ceiling of the WMC to provide 
about 120 CFM of flow (at 28 VDC) through the compartment when the 
door was closed. The charcoal canister provided odor removal capa- 
bility. Additional details on the cluster odor removal provisions 
and the WMC charcoal canister and fan assembly are given in Section 


Three portable fans could be located anywhere on the OWS grid 
or on handrails, and could be connected to utility outlets for 
electrical power. 

Three ECS fans provided atmospheric circulation (approxi- 
mately 60 CFM per duct) between the STS and the MDA. Each fan was 
contained in a duct along with a heat exchanger for atmospheric 
cooling. The fans could be manually turned on or off in any 
combination desired. The atmospheric velocity at localized crew 
stations in the MDA could be varied by operating one or both. MDA 
cabin fans and their attached diffusers. One diffuser was directed 
toward the vicinity of the ATM C&D console and the other toward the 
vicinity of the M512 experiment. Each diffuser exhaust pattern 
could be varied by a simple manual adjustment. 

An atmosphere exchange between the MDA and the CSM of approxi- 
mately 130 CFM was provided by a fan and flexible drag through duct. 
The. duct was placed in position in the axial docking port tunnel 
dui. ing the cluster activation sequence. Ambient atmosphere was 
blown into the CSM through the duct and returned to the MDA through 
the docking port tunnel. 


Table 3.1 summarizes the capabilities which were available for 
monitoring and control of the Ventilation System. 


B. Performance 

The ventilation system performed well and satisfied require- 
ments. One of the prime objectives of the system was to provide 
a comfortable range of velocities for the crew. The crew comments 
provide the best means of evaluation of this requirement. The crew 
comments were favorable. The SL-2 crew commented that "The venti- 
lation and atmospheric cooling were good. 1 * (Skylab 1/2 Technical 
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Figure 3-2 OWS Ventilation Control System Diffuser Locations 









Table 3.1 Ventilation. System Performance Monitoring and Control Capability 



MAJOR MEASUREMENTS 

TM 

c&w 

ON BOARD 
DISPLAY 

CONTROL CAPABILITY 

1 . 

FLOW RATES, OWS DUCTS 1 ? 2, AND 3 

X 


X 

MANUAL CONTROL ON/OFF 

2. 

OWS WASTE MANAGEMENT FAN 




MANUAL CONTROL ON/ OFF 

3. 

OWS PORTABLE FANS 




MANUAL CONTROL HI/LO/OFF 

4. 

FLOW RATE, TOTAL OWS 
HEAT EXCHANGER GAS FLOW 

X 



AUTOMATICALLY CONTROLLED 
BY OWS THERMOSTAT 

5. 

FLOW RATE, AM/ OWS INTERCHANGE 
DUCT FLOW 

X 

X 


MANUAL CONTROL HI/LO/OFF 

6 . 

STS HEAT EXCHANGER FANS 




MANUAL CONTROL HI/LO/OFF 

7. 

CSM/MDA DUCT GAS FLOW 




HI/LO/OFF 

8. 

MDA DIFFUSER FANS 




HI/LO/OFF 

9. 

MOLE SIEVE A SYSTEM FLOW 

X 

X 


MANUAL CONTROL ON/OFF 

10. 

MOLE SIEVE 3 SYSTEM FLOW 

X 

X 


MANUAL CONTROL ON/OFF 

11. 

MOLE SIEVE A COMPRESSOR AP 

X 




12. 

MOLE SIEVE B COMPRESSOR AP 

X 





i 
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Debriefing, pg. 12-4.) The SL-3 crew’s comments were as follows: 
"Ventilation was great. Fans don’t make much noise. You always got 
all sorts of air flowing around." (Skylab 1/3 Technical Crew De- 
briefing, pg. 12-13). 

The SL-4 crew made the following comments on diffuser outlets. 

"It turned out that the atmospheric outlets, or the cooling outlets, 
if you will, especially the ones in the MDA, only had a control knob 
on them which allowed you to vary axially the size of the angle of 
the flow. I would like them to be swiveled and point in any direc- 
tion. That way it would have been useful' for cooling the rate gyros 
as well as cooling the crewmen at appropriate times." (Skylab 1/4 
Technical Crew Debriefing, pg. 12-22). 

The following paragraphs provide comments on performance of 
specific portions of the system. Instances of off-nominal opera- 
tion and system discrepancies are discussed. 

1- Off-Nominal Operation for Power Conservation - During the 
early portion of SL-2 (prior to the solar wing deployment) selected 
components in the ventilation system were left off or were turned off 
periodically in order to conserve power. The OWS Duct 3 fans were 
.not activated until DOY 149 as a means of saving power. In addition, 
the molecular sieve B compressor and the 3 STS heat exchanger fans 
were turned off periodically. Turning off the compressor increased 
the possibility of condensation in the OWS heat exchangers by reduc- 
ing their coolant inlet temperature. As a result, during periods 
when the compressor was off, the coolant inlet temperature and cluster 
dewpoint were carefully monitored to avoid condensation. Examination 
of data indicates that no condensation occurred as a result of turning 
off the compressor. 

A candidate list of items for power down was developed for 
use during off-solar inertial maneuvers for power conservation. The 
list and procedure were incorporated in HK.90A and HK90B in the Systems 
Checklist. This list included the STS heat exchanger fans, the molec- 
ular sieve B compressor and the OWS heat exchanger fans. This pro- 
cedure was used several times during the three missions when pre- 
maneuver predictions indicated that conservation of power would be 
required . 

2. OWS Ventilation Ducts/Flowmeters - Some problems were experi- 
enced with the OWS duct flowmeters. The OWS Duct 1 and Duct 2 fans 
were activated on DOY 146. (Duct 3 fans were left off in order to con- 
serve electrical power.) The TM indicated duct flow rates were 630 
CFM and 450 CFM for Duct 1 and 2, respectively as compared to the 
approximate 550 to 650 CFM which was expected with four fans operating 
per duct. On DOY 147 the telemetry (TM) flowmeter for Duct 1 failed. 

The failure was verified by a 500 CFM reading for the onboard flowmeter. 
The onboard reading for Duct 2 was 550 CFM at this time. In order to 


increase circulation and make the OWS more comfortable, the fans in 

^ er ® activated oa DOY 149 providing 550 to 600 GFM flow rate. 
All 12 duct fans were run continuously for the remainder of SL-2 
fixcept for EVA, until deactivation. s 

, nn . //n U ™ 8 SL “ 3 thS flow rates taken froi » ™ were typically 

400 to 440 CFM for Duct 2 and 560 to 600 CFM for Duct 3. The only 

crew readout of the onboard meter for Duct 1 was 540 dfM on DOY 228. 
nnv 2 *F l flowmeter dropped from 440 to 340 CFM in 8 sec on 

™e flowmeter had indicated lower than the onboard meter 
ce the beginning of SL-2 and apparently experienced a transient 
raiiure. At this time the onboard meter indicated 500 CFM. Within 

440^FM S ’ tHe ™ flOWmeter for Duct 2 was a g*i a indicating 400 to 

o ftn . A9 n U ™ 8 4 : SL "S th ® flow rates Cak en from TM were typically 

42 ^ f ° r Duct 2 and 520 to 570 CFM for Duct 3. Th- Duct 2 
“ / l0 ” r e , X r rien ° ed £rratic ° r l0 " several time during 

. * 0n D °Y 30, it failed and did not recover throughout the re- 
inder of the mission. The onboard flowmeter for Duct 2 continued 
to provide nominal readings of 475 to 500 CFM throughout SL-4. 

A selected summary of duct flow rates for all three missions is 
given m Table 3.2. 

e T , . Several M509 and T020 experiments were performed during 

7,1 ' ’ T heSe maneuverin 8 experiments require minimum gas 

All tha^ 8 t0 minimizs the effect ™ the experiment results. 

All the Duct 3 fans and two of the Duct 2 fans were off during these 

experiments. Typical readings were 190 CIM for Duct 2 and 100 CFM 
for Duct 3. The 100 CFM flow rate indicated in Duct 3 was probably 
a back flow since all the fans are off. With this configuration 

CFM. thr ° USh the fl °° r diffuEers was approximately 600 


1' Portable Fan Usage. - During the first few days of SL-2. one 
portable fan was mounted in the OWS entry hatch to circulate addi- 
tional hot air toward the OWS heat exchangers. The crew felt this 
con iguration provided additional cooling for the OWS. This fan 

nnc u S ! d in 1 t 5 6 J f0rWard com P artment > at times, after the interior 
OWS had cooled down to provide additional circulation in the com- 
partment. The SL-3 crew used a portable fan in three locations. 

^ 10 nri°u dep v 0yment 0f the ' Twin Pole shleld * a fan was placed in 
the OWS hatch to circulate more OWS air toward the OWS heat ex- 
changers . A fan was used for convective cooling of a crewman using 
the ergometer. A fan was mounted in the MDA during SL-3 deactiva- 
Uon to provide contingency cooling of the rate gyro six pack should 
a heater fail on during storage. 
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Table 3.2 VCS Duct Flow Rate Summary 


DUCT 1 


DUCT 2 


DOT: GMT 


DUCT 3 




TM 

(CFM) 

DISPLAY 

(CFM) 

TM 

(CFM) 

DISPLAY 

(CFM) 

TM. 

(CFM) 

DISPLAY 

(CFM) 

PRELAUNCH (KS0045) 


OSH 

OSH 

671 

OSH 

683 

650 

146:2000 (ACTIVATION) 


630 

- 

450 

- 


- 

147:0455 


OSL 

600 

451 

550 

118* 

75* 

159 


OSL 

- 

455 

- 

560 

- 

169 


OSL 

520 

452 

510 

395 

550 

228:1548 


OSL 

- 

437 

- 

575 

- 

228:1549 


OSL 

540 

321 

500 

575 

540 

243:1938 


OSL 

- 

166** 

- 

100** 

- 

244:0206 


OSL 


422 

- 

535 

- 

321:1617 (SL-4 ACTIVATION) 

OSL 

- 

415 

- 

580 

- 

344:2105 


OSL 

- 

490 

- 

522 

- 

345:1332 


OSL 

- 

386 

- 

505 

- 

015:1756 


OSL 

NORMAL 

207 

NORMAL 

560 

NORMAL 

016:1050 


OSL 

- 

385 

- 

560 

- 

027:1238 


OSL 

- 

OSL 

475 

566 

- 

027:1337 


OSL 

- 

405 

- 

566 

- 

030:0211 


OSL 

NORMAL 

OSL 

NORMAL 

552 

NORMAL 

039:0357 

(SL-4 DEACTIVATION) 

♦v 

DUCT 

OSL 
3 FANS 

OFF 

OSL 


522 


** 

DUCT 

3 FANS 

OFF, 2 FANS 

IN DUCT 2 

OFF FOR M509 



OSL = OFF SCALE LOW 
OSH = OFF SCALE HIGH 


3-8 


. , crew used a portable fan during the high beta angle 

periods when the OWS was warm to circulate more OWS air toward the 
OWS heat exchangers as the SL-2 and SL-3 crews had done. 


4. OWS_ Dif f user Ad j ustment - The OWS circular diffusers were 
adjustable so that the velocity pattern could be changed, if desired 
tor crew comfort. In response to questions at systems debriefings, 
the crews indicated that the circular diffusers were never adjusted 
from their launch position (wide pattern) for crew comfort. The 
rectangular sleep compartment outlet settings were adjusted by the 
crewmen to direct flow either toward them or away from them depending 
upon their individual preferences and thermal conditions. 


Re duction in OWS Cooling Bay Flow Rate Due to Dust - A re- 
duction in the OWS cooling bay flow rate was observed during the SL-2 
and bL-3 missions. The decay in flow rate was attributed to blockage 
in the gas side of the OWS heat exchangers. ° 


During the SL-2 mission all four of the OWS heat exchangers 
were operated continuously. Figure 3-3 shows the gas flow rate as a 
function of mission day and illustrates a general decay from approxi- 
mately _30 CFM at the start of the mission to 170 CFM at the *nd 
Correlation of heat absorbed by the cooling loop with energy removed 
from the gas loop verified the flow decrease to be real. Each data 
point is an averaged value of the sensor reading taken over several 
hours. This was required due to erratic flow rate indications. 

The scatter in data was normally 20 - 30 CFM. This behavior of the 
time-of -flight" sensors was noted during ground testing and has been 
attributed to system turbulence. This type sensor was also used for 
the AM/OWS interchange duct flow rate and for the molecular sieves 
flow rate. These flowmeters consist of a small tube with a heater 
wire located at the tube entrance. This heater is pulsed and the 
pulse sensed downstream by a counter at the tube exit which relates 
the travel time to the tube length giving the flow velocity. The 
flow velocity had been correlated to the duct geometry and velocity 
profile during ground testing to give the duct flow rate. 


Figure 3-4 shows the flow rate data during SL-3. Four OWS 
heat exchangers were operated until DOY 250 when the automatic con- 
troller turned off all heat exchangers. In an attempt to improve 
OWS HX flow rate, the crew was requested to inspect the heat ex- 
changers for blockage and to use the vacuum cleaner, if required, 
to clean them. The face of the heat exchangers were found to be 
covered with dust. The crew vacuumed the heat exchangers on DOY 251 
after which the combined flow of the 4 fans was 185 CFM. After 
checking the flow with four fans the system was returned to one 
heat exchanger operation. From the single-fan operation data it 
appears that the blockage began to reappear almost immediately. 
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The automatic controller returned the system to four heat exchanger 

operation by DOY 261. The flowrate of the four fans had decayed to 
160 CFM by the end of SL-3. 

T ^ e rate data for SL-4 are shown in figure 3-5 and in- 

nie a £ e an aVerage value of 160 CBM. During SL-4 the cleaning of the 
OWS heat exchangers was incorporated as a housekeeping procedure and 
was performed every six or seven days. Typical values of the flow rate 
before and after cleaning were 150 CFM and 180 CFM, respectively. 

„ Jfe du ctio n in OWS Cooling Bay Flow R ate Due to Condensation - 

On DOY 18, all three crewmen took showers and the de'wpoint temperature 
went up to approximately 57°F. This was a full sun day due to high 
beta angle and the Airlock Module cooling loop was being operated 
with two pumps in the primary and one in the secondary with a result- 
ing OWS heat exchanger inlet temperature of 52 to 53°F. This situa- 
tion resulted in condensation forming in the heat exchangers and a 
consequent decrease in the gas flow rate (figure 3-5) . This occur- 
rence was consistent with preflight testing which indicated that sig- 
nificant condensation would form if the HX coolant inlet temperature 
was approximately 3°F below the dewpoint temperature. The crew re- 
moved the water from the heat exchangers with the vacuum cleaner on 
DOY 20 and the flow rate returned to its normal value. 

7 * OWS Heat Exchanger Fans Replacement - Cleaning of the heat 
exchangers during SL-4 did not provide as much flow rate improvement 
as was seen after the initial cleaning during SL-3. The possibility 
existed that one or more of the heat exchanger fans had degraded in 
performance and was producing low flow rates. Since maximum perform- 
ance was needed from the cooling system at full sun (high beta) 
conditions, a decision was made to replace the fans. All four fans 
were replaced on DOY 17. No increase in flow rate was seen, however, 
and it was concluded that no significant fan degradation had occurred. 

It was concluded that the dust was probably lodged within the heat 
exchanger which was not being removed by the vacuum cleaner. 

8 ' AM/OWS Interchange Duct Flow Rate Reduction - The subject 
flow rate decreased from an initial value of approximately 120 CFM to 
approximately 60 CFM by the end of SL-4. The data is presented in 
igure 3-6 and shows the band (high and low) of values seen each day. 

As has previously been reported, this flow rate sensor was erratic. 

The cause of this low flow indication Was not identified, nor was it 
determined whether the low flow indication was real or caused by an 
instrumentation problem. All screens which could • inf luence the flow • 
rate were cleaned with no flow rate improvement. The interchange fan 
was replaced temporarily on DOY 251, but the indicated, flow rate did. 
not increase. L The indicated level was not;, low enough to cause 
problems. 
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OWS COOLING BAY FLOW RAIL, CFM 



TIME, DAY OF YEAR 

Figure 3-5 OWS Cooling Bay Flow Rate for SL-4 









The interchange flow rate was a C&W parameter and a C&W 
signal was obtained a few times after the indicated flow rate decreased 
to values which produced data scatter within the 45 +10 CFM C&W range. 

9. Molecular Sieve B Secondary Compressor C/B Trip - During 
SL-3 activation on DOY 209 the mol sieve B secondary fan C/B tripped 
when fan activation was attempted. Troubleshooting indicated a 
malfunction in the electronics so that this compressor was not 

used in SL-3 or SL-4. To preclude operation of two compressors on 
one bus for the remainder of the mission, the secondary compressor 
in mole sieve A was selected along with the primary compressor in 
mole sieve B. A cable was carried by the SL-4 crew which would have 
allowed operation of the secondary fan in molecular sieve B from 
one of the molecular sieve A inverters if requirej. The cable was 
not used. 

10. Molecular Sieve Flow Rates - Preflight tesLs revealed that 
the molecular sieve flow rate indications were high and, as previously 
discussed, the values provided were erratic. As a result, the com- 
pressor differential pressures were used with compressor flow versus 
delta P data to determine flowrates during the mission. Using this 
technique, no flow anomalies were seen during the mission. However, 
the flow rate indication was a C&W parameter (21 +4 CFM) and the 

er ;tic nature of the data as well as its sensitivity to flow disturb- 
ances in the duct produced some C&W indications. In a few instances, 
the C&W was activated when the beds cycled and produced momentary flow 
disturbances in the duct. The C&W was also tripped during SL-2 when 
the beds were placed on line following bakeout. A review of data 
for this time period indicated that the flow rate sensor produced more 
data scatter than usual. The compressor delta P was steady and 
normal, however, indicating that the compressor was producing normal 
flow (See Section II.B.l.d). The molecular sieve C&W’s were inhibited 
on SL-4 in order to prevent false alarms. 

In addition to these false C&W alarms, abnormally high flow 
rate indications were noted a number of times on molecular sieve B flow- 
meter during repressurization/purging through the airlock fill 
valves. This condition resulted because the AM fill line exhausted 
into a duct common with the mole sieve B exhaust duct and in the im- 
mediate vicinity of the mol sieve B flowmeter. The flow disturbance 
created by this flow mixing typically caused maximum flow rate indi- 
cations (77 CFM) for the duration of the purge. 


11. OWS /AM Flex Duct Installation - During initial activation 
and subsequently when the OWS hatch was closed for EVA's, it was 
necessary to remove and/or install the gas interchange duct. The 
crew reported that the 2 calf ax fasteners which secure the center of 
the duct would not mate with the attach fitting on the hatch ring. 
However, end support provided by the connections in the OWS and At! 
without center support was sufficient. 
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SECTION IV. OWS/MDA/AM THERMAL CONTROL SYSTEM 


A. Configuration 


1. Active Systems . The active Thermal Control Systems for the 
Sky lab were composed of the Atmosphere Control System, the Coolant System 
and the Heater Systems as shown in figures 4-1, 4-2 and 4-3. 

Heat was removed from the OWS by the four OWS heat exchangers 
m the AM. If needed, heat could have been added to the OWS by the twelve 
duct beater elements in the Ventilation Control System ducts. Automatic 
control of the four OWS heat exchangers and eight of the duct heater 
elements was provided by an onboard thermostat which was set at the 
desired temperature. The remaining four duct heater elements had manual 
control. It was planned to heat the OWS prior to initial entry by the 
eight radiant wall heaters and also to maintain the OWS above 40°F dur- 
ing the unmanned operational phase of the mission by the same heaters. 
However, due to the meteoroid shield failure these heaters were not 
needed. Other OWS heaters included those for the water tanks, the waste 
tank vent, the various dump heaters, and the wardroom window heater. 

Eight AM tunnel and seven STS wall heaters were provided to 
automatically control the AM tunnel and STS wall temperatures within 
acceptable limits by thermostat during manned and unmanned operational 
portions^ of the mission. Each heater had nominal closing set points of 
42°F, 62°F and 82°F. The design tolerance on closing was j*5°F about 
the nominal closing setting and the opening setting was 0.5°F to 8°F 
above the closing setting. The 42 °F setting could only be selected by 
DCS command, while the 62°F setting could be selected by either manual 
or DCS command and the 82°F setting could only be selected manually. 

The MDA and STS were cooled by the three cabin heat exchangers 
in the STS. Sixteen MDA wall heaters, as well as the docking port, 
tunnel and window heaters were thermostatically controlled to maintain 
the interior surface temperatures in the MDA within acceptable limits. 

The wall heaters had a low set point which opened and closed between 
42°F and^50°F and a high set point which opened and closed between 66.5°F 
and 73.5 F. The open and close points could not be less than 2°F apart. 
Either low or high set points could be chosen by DCS command. In addi- 
tion, a high temperature cutoff was provided which opened at 97 + 3°F and 
closed at a minimum of 90°F. The docking port heaters had a set point 
between 60°F and 70°F and had a design tolerance of 2 to 6°F between 
open and close points. A high temperature cutoff was provided between 
72 F and 82 F with a 2 F tolerance between open and close points. The 
tunnel heaters had a set point between 60°F and 72°F and had a design 
tolerance of not less than 4°F between open and close points. The high 
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Figure 4-1. Skylab Atmosphere Control S 
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Figure 4-2. Sky lab Coolant Loop System 





Forward cabin 




, 




L ^ 

Water 









7 WALL 
HEATERS 
AM/STS WALL 


AXIAL 
DOCKING 
PORT & 


10 WATER 


8 OWS 

RADIANT 

HEATERS 



6190 
WINDOW 
HEATER 


RADIAL 
DOCKING - 1 
PORT HEATERS 


12 DUCT. 
HEATERS 


OWS WARDROOM 
WINDOW HEATER 


■- MOLE SIEVE VENT & 
CONDENSATE DUMP 


Figure 4-3. Skylab Heater Locations 


t^W»n tU ^ ^ Ut ° ff ™ S pr ° vided between 92°F and lOS'F with a 4°F 
rJiTt between open and close points. The MDA heater system had 

co^Ld ^ SeCOnda ^ heaters whda b could he selected by 


pqm 4 - Al1 ~ n ^ erchan S e fan and duct was provided between the MDA and 

dTin, tinned 1 ' 6 ° f the CSM within -ceptable “mits 

hZl l 1 operational portion of the mission. The GSM cabin 

heat exchanger was not in operation during this period. 

t-h* r-o Add2 : txo ^ Rl sensible heat removal was provided for the SWS by 
he condensing heat exchangers in the STS. The outlet from these heat 

Sssions r but a could e r ed b° " S 3fter actIvati ° n during all manned 
the 0^ cS tt ^^S- d ;ys^ dditi - 

~?r ««saaaTf- Ji»r:2;s 

Figure tfprovides , “ teri ° r the triable orbital environment, 
tion P Vldes an 0verv:Lew of cluster thermal , coatings and insula- 


the n ^ insulated with a polyurethane insulation lining on 

the inside of the pressure wall and a multi-layer insulation CMLI ) blanket- 
on the outsWe of the forward dome. The barrel section was Mer“n- 

wall anrf b h USln ? 1 u W emissivity coatings for the outside of the pressure 
wall and beneath the thermal shields. The exterior coatings for the wt 

was ■? irt 4-5 • As Sh0Wn ’ the surface bhe metforoid sMe" 

was re q “ired y to meet^r^ ^ Pa±nt “ 3 cross pat <-rn "b.ich 

active^ ™ f t the comfort criteria requirement within available 

ctive cooling and heater capabilities. The meteoroid shield was lost 

subsea t St ^ th “ effSCt ° n the P assi - ^tem is discussed^in 
were Chosen P f raS ^ PhS ' • Ralativel y hi Sb values (approximate e = 0.7) 
a greater radiant^ f m:LS ® iv:Lty of the interior surfaces. This provided 
tively unifo™ te interchange Detween the surfaces and assured a rela- 
tively uniform temperature distribution on the inside walls. 

The ^ ? aa insulated by a thermal curtain and a meteoroid curtain 

thicker "nndl r tal L WaaSimilar tQ the thermal ™rtain except i^was 
hicker and had an off-white fiberglass cloth exterior facing. 

nm„ Tbe external thermal coatings used on the surfaces of 'the AM. 

STS and MDA employed aluminum, black, and white paints. The radiator 
used whrte paint (zinc oxide) with a low ratio of solar adsorptivity 
(a) to emissivity (8) in order to provide low effective sink tempera 
tures and resultant higher heat rejection rates. The design value used 
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Figure 4-4. Skylab Thermal Coatings and Insulation 









for the radiator surface was slightly higher than values measured for 
a clean surface to account for degradation during the mission caused by 
exposure to ultraviolet radiation, meteoroids, and contamination. Black 
paint was used on the IU and Fixed Airlock Shroud (FAS). An aluminum 
paint (ct = 0.33, £=0.31) was used on the Deployment Assembly (DA), 
and on squares provided around the top of the FAS to improve visibility 
during docking. 

Bulkhead fittings were insulated from the support structure by 
fiberglass washers. Lines in the Suit Cooling, AM Coolant, and ATM 
C&D Console/EREP Cooling Systems were supported by insulated clamps. 
Components in these systems were insulated from the structure by 
fiberglass washers. Heat exchangers were covered with low density foam 
insulation. The thermal capacitor module was insulated with a glass 
fiber batt and covered with a rubberized fiberglass cloth vapor barrier 
with a flap type vent valve to provide launch ascent venting. 

External water and coolant lines were routed together where 
practical and were trapped with Microfoil insulation. Mosite insulation 
was used on internal water and coolant lines as required, to limit con- 
densation and heat leak during prelaunch and orbit. The water-lines in 
the Suit/Battery Cooling Module were not insulated. The internal portion 
of the condensate transfer line to the OWS was deliberately tied to the 
structure and was not insulated. 

The MDA was insulated by a high performance insulation blanket 
composed of 91 layers of perforated double aluminized Mylar with Dacron 
net spacers, which was installed on the outside of the pressure shell. 

The insulation was covered by the radiator and the meteoroid shield 
which were attached to the pressure shell with fiberglass standoffs. 

Black paint was used on the outside of the MDA meteoroid shield. 

In addition to the coatings and insulation systems described 
above, the OWS incorporated an arterial heat pipe system to control or 
eliminate water vapor condensation in specific locations of the OWS 
habitation area. The heat pipe system consisted of eight rings of heat 
pipes in four tank wall areas of the OWS and two sets of heat pipes on 
the Refrigeration System Logic Unit Containers and forward compartment 
freezer. The heat pipes were made of aluminum and utilized Freon-22 as 
the heat transfer fluid. 

At approximately 63 seconds after liftoff, the meteoroid shield 
tore loose from the OWS tank wall. This anomaly exposed the entire cir- 
cumferential tank wall surface of goldized kapton to the orbital space 
environment except for an area extending from beneath SAS Wing 1 to 
beneath the main tunnel where a small segment of meteoroid shield was 
still intact. Due to the high solar adsorptivity to infrared emissivity 
ratio (a/e=;4 to 6) for the gold surface, the OWS quickly began to 
heat up. In order to stabilize the OWS temperature at a tolerable level 
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0f a thermal shield, the vehicle attitude was held 
shown in figure 4-6. PltChed appr “ tal y «• toward the sun as 

.. Various solar shields, which could be deployed by the SL-2 astro- 

"r- r gned and manufac tured prior to SL-2 launch. The JSC 

canist 1 WaS Ch a Sen aS the prime desi S"- The parasol, packaged in a T027 

on the e 0WS WaS The S df Sd f throa S h the solar scientific airlock 

ttie OWS. The dimensions of the parasol were 22 feet by 24 feet. 

01-00 GMT he SL rL CreW depl ° yed the Parasol on DOT 147 at approximately 
the parasol did C ? m ? ent ® a * d thermal instrumentation indicated that 

rotated bvthP 7 P 7< ° n °° Y 170 at 19:00 > the Parasol was 

review 3Jl , an at tempt to provide additional coverage. Ground 

oht-a-fn a temperafcure data quickly indicated that the rotation actually 

f T~ t ™rr ° f tha f reqUSSted and the — noticed increS^g 

turned^he parasoi tTil re8ult ’ ^ crew versed the rotation and re- 
rnea tae parasol to its approximate original position. No further 

ttempts were made to provide increased coverage by shield rotation A 

slon: 8r ? P r., ta , ken l dUrinS SL “ 2 fly ™ ad is shoL in 4-7 ^ 

in figure 4^8 P Thrl Para r 1 deterained frora «*• Photograph are shown 

SL-3 ™ R ° S pbui " e aaused the parasol to flap violently during the 

The MSFG Twin Pole solar shield was deployed over the existing 

Lpton. °xhe^desi& St SL f? ^ P ^ ovlde addi ti°nal shading of the goldised 
Addit-io t con ^ 1 § urat:LO n shown in figures 4-9 and 4-10. 

dditional coverage of the gold foil was effected. However, the SL-3 

astronauts commented that the shield material had retained the foldlinp 

Sm s Itlons P nTr?v the p Shield f r0 ” com P letel y fading the gold areas 
the SL-3 nrprj nhc nd * V * P ° St SL fl y~around photos of the SWS verified 
fi L \ observations as shown in figure 4-11. Geometric analysis 

-he gild loll “s C =h1 tf approx ™ atel y 89Z of the projected are! of 
shields “ the SUU by the P ara3 °l aad twin pole 


B. Performance 

during -il gTT^ 5 ^ Shleld Fal1 ^- Tha meteoroid shield failure 
in ULclt lf~!he nSf nacessatatad a da tS a number of thermal studies 
for the and la development of a thermal protection device 

e orbital workshop. As mentioned earlier, with the loss of the 
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Figure 4-7. SL-2 Fly-around - Parasol Shield 
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Figure 4-8. Shape of Parasol Shield Obtained from Fly-around Pictures 
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-10. MSFC Twin-Pole Shield Details * 








meteoroid shield and the subsequent exposure of the gold! zed kap ton- 
covered OWS tank wall which had an a/e ratio of approximately 4.0 
to 6.0, the solar input was increased, resulting in unacceptably high 
OWS structural temperatures and, consequently, high internal temperatures. 

The overriding factor controlling the temperature of the OWS 
was the solar absorptivity '( a ) and the infrafed emiSsivity ( e ) of 
the goldized kapton on the OWS tank sidewall. The ”as applied" value 
of a/e was approximately .15/. 03. However, the e"::ect of boost 
heating, retrorocket plume contamination, high temperature exposure, 
and the meteoroid shield scratching of the gold was unknown. 

The external skin temperature increase on Fin X from the first 
sunrise pass correlated with an a/e = .275/. 05. Additional analysis 
showed that the mean internal temperature increase correlated using 
a/e = .20/.GJ4. Since the external temperature sensors were off-scale 
at the end of the first sunlight pass and since the transient response 
of the internal temperatures was slow, only limited data was available 
to determine the a/e ratio initially. Therefore, the analysis was 
continued using a range of a/e values from .275/. 05 to .20/. 04. 

Results of the initial studies indicated that the mean internal 
temperature would reach 160°F within 10 days after launch. This being 
completely unacceptable, studies were made to determine an optimum vehicle 
attitude to maintain acceptable temperatures and also provide sufficient 
incident solar energy on the ATM solar arrays. Results from the optimum 
attitude study indicated a vehicle pitch maneuver of approximately 45° 
(figure 4-6) . In figures 4-12 and 4-13 flight data are compared to 
analytical predictions for the first 12 days of the Skylab mission. 

The pitch maneuver, although successful in temporarily decreas- 
ing the rate of internal temperature increase, was not intended to be 
the final solution. Proposed solutions to the problem focused on placing 
a shield between the OWS tank wall and the sun. Since the principal 
attitude of the workshop was solar inertial, • the shield could be fixed 
relative to the workshop and would provide shadowing from direct solar 
energy, leaving earth albedo as the only significant solar input. 

Preliminary analysis showed that the OWS internal temperature 
was not sensitive to the optical properties or temperature of the shield 
principally because the low emissivity gold coating on the exterior of 
the OWS thermally isolated the shield from the OWS tank wall. Hence, the 
primary thermal requirements for the shield was complete shadowing of 
the solar side of the OWS tank wall. 

The following sun shield configurations were analyzed using the 
thermal model: 


TEMPERATURE (°F) 







TEMPERATURE 



Figure 4-13. Fin III 


o 



LIFTOFF (HR) 


Wall and Internal Insulation 




1. Sunshield wrapped 180° 
OWS tank wall. 


around and standing six inches off 


2. MSFC I rectangular sunshield (20 feet by 23 feet), 
foot height) ! rapez0idal sunshi6ld (22 foot basa > 11 foot top, and 23 

4. JSC-I conical sunshield. 


5. JSC II sunshield (angled from aft skirts to AM structure). 

6. MSFC II sunshield (twin pole shield). 

7. Douglas inflatable sunshield (20.5 feet by 22 feet). 

S. Langley inflatable sunshield (22 feet by 24 feet). 

9. JSC parasol sunshield (SAL deployed) (22 feet by 24 feet). 

a., 100% coverage 

h. 90 % coverage 
c. 84% coverage 

10. MSFC II sunshield deployed over parasol. 


Tah i- , F , E ® . 4 14 throu g b 4-23 illustrate the ten configurations. 

Shield ^ a sumlnsry of tha performance for each of the proposed 

shields. The percent coverage of each shield was based on projected 

wafbatd ° WS S° ld - coated tank wall and the 0WS internal temperature 
Ficurp r r ° i " tern ? 1 waste heat loa d and no ECS heat removal. 

A 24 ahc "f tbe relative performance of each configuration. The 
co^cr 1 a! decreasing OWE temperature with increasing shield 

coverage is indicated by the solid line in figure 4-24 


t-hp a JS i P ^ aS ? 1 shleld was deployed on Day 147 of 1973. With 

internal temperatures decreased 30°F in two days 
indicated by the temperature history shown in figure 4-25. After 

d , rf ’^ Cre \f ae T d that th£ Shl£ld d±d ' not completely open, 
rfithin a day after shield deployment, the analytically predicted temp- 

iec ^ asabegaa to differ from flight data (figure 4-25) . “te 

data f * er i f0aX dayS ’ predictcd temperatures were 15 D F lower than flight 
data. Analyses to determine the shield size was initiated since this 

all^f fh was j sse “t ia ?; for predicting internal temperatures . Assuming 

loads f the ® bield waa missing and estimating the internal 

loads, the results indicated that 82 percent of the projected sidewall 

C e ^j W ! S a ab ? ed 5 r0m the sun ' Based on thls percent coverage it was 
predicted that the mean OWS temperature would reach 86"F during the 
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Figure 4-14. Sunshield Wrapped 180' Around and Standing 6" Off OWS Tank Wall 



Figure 4-15. MSFC I Rectangular Sunshield 










Figure 4-16. Trapezoidal Sunshield 
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Figure 4-18. JSC I 7 SEVA Sunshield 





Figure 4-19. MSFC II Sunshield (Twin-Pole Shield 
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Figure 4-21. Langiey Inflatable Sunshield 






Figure 4-22. JSC Parasol 
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Figure 4-23- MSFC II - Parasol Combination 



TABLE 4.1 


SUMMARY OF SUNSHIELD STUDIES 


Average 

Internal 

OWS 

Temperature 
W/No Load 


Configuration 

% 

Coverage 

a/e 

Suns id e 

a/e 

Backside 

a/e 

OWS Tank 

W/HSS 
Wo ECS 

Curtain Wrapped 180° Around 
OWS 

100 

.22/. 88 

.15/. 34 

.275/. 05 

39 

MSEC I Rectangular Curtain 
(20 T x 23 ') 

92.3 

.25/. SO 

.30/. 90 

.275/. 05 

69 

Trapazoidal Curtain 

76.0 

.25/. 90 

.30/. 90 

.275/. 05 

100 

JSC-1 Conical Curtain 

85.7 

.22/. 88 

.15/. 34 

.275/. 05 

76.5 

JSC-II Tent Curtain 

100 

.22/. 88 

.15/. 34 

.275/. 05 

36.5 

MSFC II Shield (Twin Pole) 

100 

.25/. 90 

.15/. 34 

.275/. 05 

39.5 

Douglas Inflatable Shield 

91.8 

.15/. 65 

.57/. 04 

.275/. 05 

44.5 

Langley Inflatable Shield 

100 

.27/. 72 

.18/. 04 

.275/. 05 

38.0 

JSC Parasol (SAL Deployed) 






a. 10 0% Coverage 

100 

.60/. 86 

.12/. 06 

.275/. 05 

44.0 

b. 90% Coverage 

'90 

.60/. 86 

.12/. 06 

.275/. 05 

69.0 

c. 84% Coverage 

84 

.60/. 86 

.12/. 06 

.275/. 05 

75.5 

MSEC Twin Pole Shield 

100 

.25/. 90 

.15/. 34 

.275/. 05 

40 


Over 75% Parasol 


INTERNAL TEMPERATURE 


NOMINAL FLUX, 0=0° 

NO INTERNAL WASTE HEAT LOAD 
NO ECS HEAT REMOVAL W/0 SAS 
WING DEPLOYED 

a/e = .275/. 05 (OWS GOLD) ■ 


1. 180° CYLINDRICAL SUNSHIELD 

2. MSFC I RECTANGULAR SUNSHIELD 

3. TRAPEZOIDAL SUNSHIELD 

4. JSC-I SEVA SUNSHIELD 

5. JSC-II SEVA SUNSHIELD 

6. MSFC I RECTANGULAR SUNSHIELD 

7. DOUGLAS INFLATABLE SUNSHIELD 

8. LANGLEY INFLATABLE SUNSHIELD 
9a. JSC PARASOL *100% 

9b. JSC PARASOL 90% 

9c. JSC PARASOL 84% 

10. MSFC TWIN-POLE SHIELD -OVER PARASO 


COVERAGE OF OWS (PERCENT) -* 


Figure 4-24. Sunshield Performance 
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Figure 4-25. Temperature History Following Deployment of the Parasol Shield 
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TABLE 4.2 MAXIMUM HEATER POWER REQUIREMENTS 

(With 100% Coverage of OWS Projected Area) 


Beta Angle (deg) 0 

* Required Gas Temperature (°E) 66.7 

**Structural Heat Loss (Btu/hour) 4010 

Total Heat Loss (Watts) 1175 

Minimum Waste Heat (Watts) 733 


Maximum Heater Power Required (Watts) 442 


TABLE 4.3 HEAT 
(With 

Beta Angle (deg) 0 

^Required Gas Temperature (°F) 78.8 

Structural Heat Loss (Btu/hour) 4910 

HXS Removal (Btu/hour) 1700 

Heat Removal Capability (Btu/hour) 6610 


60.5 

73.5 

67.5 

67.2 

4800 

3970 

1406 

1163 

733 

733 

673 

430 

REMOVAL CAPABILITY 

100% Coverage of OWS Projected Area) 

60.5 

73.5 

79.4 

79.1 

5670 

4840 

1750 

1725 

7420 

6565 


*Gas Temperature Required to Maintain Crew Comfort 
**Includes 300 Btu/hr for Sublimation Effects 
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Figure 4-28. OWS Internal Waste Heat Load for SL-3 Mission 
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Figure 4-29. OWS Internal Waste Heat Loa< 
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for SL-4 Mission 
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the thermal Droperties o 1 the cwq wath . the sunshield coverage and 
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nxgher pref light internal waste heat load predictions. 
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OWS average temperature: ‘S 
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Figure 4-30. OWS Wall Temperature Response to Meteoroid Shield Loss 











TaBLE 4.4 ESTIMATED ATTITUDE HISTORY OF SL-1 
PRIOR TO PARASOL DEPLOYMENT 


TIME (GMT) 

DOY HOUR: MIN: SEC ATTITUDE 

134 17:30:00 SL-1 First Motion 


134 

17:39:59 

134 

17:45:40 

135 

06:30:00 

135 

08:00:00 

135 

08:45:00 

136 

05:13:48 

136 

06:51:00 

136 

08:20:20 

136 

09:53:00 

136 

11:29:00 

136 

13:04:00 

141 

11:47:55 

142 

09:27:00 

142 

11:09:00 

142 

12:44:00 

143 

02:48:00 


Boost 


Gravity Gradient 
Solar Inertial 
-90 Degree pitch off SI 
-45 Degree pitch off SI 
Solar Inertial 


Rotation about y 
axis; MDA toward 
Sun, OWS away 
from Sun 


ZLV with a +10 degree pitch about Y 
Solar Inertial 

ZLV with a +10 degree pitch about Y 
Solar Inertial 


ZLV with a -KL5 degree pitch about Y 

-57 to -47 degree pitch (Y) off SI; 
X = 2 to -18°, Z - 21 to -12° 

-40 degree pitch (Y) off SI; 

X = 0 to -10° 5 Z = +15° 


Solar Inertial 


-80 degree pitch off SI about Y 

-45 degree pitch (Y) and +41 degree yaw 
(Z) off SI 

-48 degree pitch (Y) and +45 to 50° yaw 
(Z) off SI 


N 




N 


TABLE 4.4 

ESTIMATED ATTITUDE HISTORY OF SL-1 
PRIOR TO PARASOL DEPLOYMENT 
(CONTINUED) 


TIME (GMT) 


DOY 

HOUR:MIN:SEC 

ATTITUDE 

143 

21:50:00 

-65 degree pitch (Y) and +50° yaw 
(Z) off SI 

144 

00:30:00 

-45 degree pitch (Y) and +44° yaw 
(Z) off SI 

144 

07:11:00 

-50 degree pitch (Y) and +70° yaw 
(Z) off SI 

144 

20:06:00 

-42 degree pitch (Y) and +70° yaw 
(Z) off SI 

144 

22:45:00 

-68 degree pitch (Y) and +70° yaw 
(Z) off SI 

145 

01:21:00 

-35 co -43 degree pitch (Y) and +42 
yaw (Z) off SI 

145 

20:47:00 

-43 degree pitch (Y) , +42° yaw (Z) 
and -28° roll (X) off SI 

146 

01:46:00 

Pitch (Y) starting at -43° and de- 


creasing to -35° 

Yaw (Z) starting at +42° and decreasing 
to 420° 

02:43:00 Thermal Control maneuvers ended with 

cluster in SI attitude 
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Figure 4-31. SL-1 OWS Average Temperature History 


the average radiant environment of the cylindrical walls, forward, dome, 
and experiment compartment floor because of their central location. 

The internal temperature rose steadily, except for a few hours follow- 
ing orbits of -90° and -45° pitch attitude, for approximately 2 days 
at which time the vehicle was commanded into an inertial attitude with 
a -50° pitch. This approximate attitude was maintained until DOY 141 
except on DOY 136 when the attitude was alternated between ZLV and 
Solar Inertial orbits. Figure 4-32 shows the attitude for the ZLV con- 
dition. The OWS internal temperature was stabilized at 115°F during 
this period. During DOY 141 the pitch angle was changed to -40° 
which increased the projected area of gold foil exposed to the sun. 

The OWS internal temperature response was an 8°F rise to 125°F in 
approximately one day. The internal temperature was maintained be- 
tween 122°and 125°F until the end of DOY 145. During this period the 
vehicle attitude was generally solar inertial with a pitch of -42° to 
-50° and a yaw of 41° to 70°. Prior to docking of SL-2, the vehicle 
was rolled -28° to provide better illumination of SAS Wing 1 near the 
end of DOY 145. This attitude should not have increased the solar 
heat flux on the gold foil, but the internal temperature rose to 130°F 
at the beginning of DOY 147. It is believed that the SWS attitude 
drifted during this period allowing a greater projected area of gold 
foil to be exposed to the sun than anticipated. 

The OWS internal temperature sensors had a maximum calibration 
limit of 120°F. Sensor C7032 went off scale high on DOY 136 and 
C7122 on DOY 140. It was, therefore, necessary to estimate their 
readings by using the AT relationship between these sensors and the 
other ceiling measurements (C7040 and C7123) that existed prior to 
the time they went off scale high. For this reason, the OWS SL-1 
average temperature history during this time should be considered an 
estimate. 

The parasol was deployed through the solar airlock on DOY 147 
at approximately 0100 GMT. OWS internal temperatures immediately 
dropped and approached a stabilized temperature about 8 days later on 
DOY 155 as shown In figure 4-33. At this time the OWS internal tem- 
peratures met the comfort box requirements as shewn in figure 4-34. 

The four OWS heat exchanger fans were turned un immediately after para- 
sol deployment and the maneuver to the solar inertial attitude. The 
heat exchangers operated continuously during SL-2 except for EVAs. 

Prior to SAS Wing 1 deployment, the waste heat profile was signifi- 
cantly lower than nominal due to severe limitations in electrical 
power availability. 

SAS Wing 1 was deployed during EVA on DOY 158. Electrical 
power availability increased which resulted in higher internal waste 
heat dissipation. Z-LV EREP maneuvers, which exposed additional areas 
of gold foil to the sun as the Beta angle increased, were performed 
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Figure 4-32. Z-Local Vertical Earth Resources Pointing Mode 
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daily from DOY 160 through 164. Analytical models indicated that the 
presence of the deployed SAS wing would effect a net increase in the 
external heat load due to reradiation and reflections,, Due to the 
increased heat loads caused by increased power dissipation, EREP 
maneuvers, and the presence of the SAS wing, the OWS internal temperatures 
rose from DOY 159 through DOY 166 u Temperatures exceeded comfort bo*: 
requirements on DOY 162 as shown in Figure 4-34. Temperatures experienced 
a slight downward trend during DOY 167 and 168 but began to rise on DOY 
169 as the 8 angle (8 > 55°) and percent time in the sun increased* The 
vehicle entered a four day period of full sunlight on DOY 173 about 12 
hours prior to SL-2 undocking. At OWS closeout the internal temperature 
had risen to approximately 83°F which was 6 to 7°F hotter than the comfort 
requirement as shown in figure 4-34. 

The average OWS internal temperature continued to rise during 
the storage period in the full sunlight period as shown in figure 4-35* A 
peak temperature of 98°F was attained on DOY 177 when the SWS began to 
again experience orbital night periods* The internal temperature decayed 
for approximately 20 days before reaching steady state at 79 to 80°F. 

The temperature remained near this level for the duration of the SL-2 
storage period until OWS entry at the end of DOY 209. 

The OWS average temperature dropped 2°F after the 4 OWS heat 
exchangers were activated on DOY 210 as shown in figure 4-36* However, 
the heat exchangers were deactivated on DOY 213 to prevent mositure 
condensation in them and the OWS temperature increased to approximately 
81°F, The average temperature remained between 78 and 81°F until the twin 
pole shield was deployed at the end of DOY 219* Due to the additional 
shading of the gold foil, which reduced the external heat load, the OWS 
average temperature decreased for approximately 5 days to 72°F. Tempera- 
tures had been somewhat hotter than the comfort requirements prior to the 
twin pole shield deployment but subsequently were well within the comfort 
box as shown in figure 4-37* Typical daily fluctuations in temperature 
were 1 to 2°F as shown in figure 4-36 and daily variations of this 
magnitude were seen during all manned periods due to variations in 
internal heat load. 

The internal temperature remained steady at about 73°F from DOY 
224 to DOY 231. On DOY 231 the 8 angle had again increased to 55 degrees 
and the OWS internal temperatures also increased* The OWS temperature 
rose to an average of 75°F on DOY 236 and remained at that level until 
DOY 244* The 8 angle had peaked at 62°F on DOY 236. The OWS temperature 
began to decrease on DOY 244, The generally downward trend continued 
until DOY 250 when the heat exchangers were turned off by the Thermal 
Control System logic unit. At this time the average temperature was 
72 F. The temperatures immediately began to rise from the absence of 
active cooling and one heat exchanger came on later in DOY 250. The 
heat exchanger plates were cleaned (see Section III) on DOY 251 which 
increased the gas flow rate and resulted in additional active cooling* 


4-48 











TIKE (DOY) 

Figure 4-36. OWS' Average Temperature SL-3 Manned Mission 
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The second, third, and fourth heat exchangers came on automatically on 
DOYs 256, 260 and 261, respectively. From DOY 251 through SL-3 OWS 
closeout on DOY 268, the average temperature remained at approximately 
73°F which was in the center of the comfort box as shown in figure 4-37 „ 

During SL-3/SL-4 storage, the OWS average temperature followed 
the 0 angle curve, as shown in figure 4-38 „ The positive 0 angles 
caused warmer OWS temperatures than the negative 0 angles. During 
this storage phase the temperature cycled between 63° and 72°F. 

Early in the SL-4 mission the OWS average temperature rose to 
approximately 8Q°F as the 0 angle reached -70 degrees. Orbits with 
100% sunlight lasted 24 hours after which the internal temperature 
decreased to the middle seventies as shown in figure 4-39. The tempera- 
tures increased frog* DOY 335 to DOY 340 when the OWS heat exchangers 
were turned off and decreased when the heat exchangers were turned on 
during DOY 340. As the 0 angle became positive, the OWS internal 
temperatures again increased to a maximum of 81°F on DOY 352 (figure 
4-39). As 0 decreased from 50° to -60° the OWS temperature decreased 
to 71 F on DOY 10. As 0 decreased below -60° to the full sun condition, 
the OWS temperature increased to a maximum of 81.6°F on DOY 18 (figure 
4-39). Measures were taken to maintain the OWS temperatures below 
82°F. The crew was asked to reduce the use of lighting in the OWS, and 
a second pump in the AM Primary Coolant Loop was activated. After the 
high negative 0 angle period, the internal OWS temperatures decreased 
to the 72°F to 75°F rape and remained at that level for the remainder 
of the mission. Durjw?g SL-4, the OWS internal temperature remained within 
the comfort box requirement except for three periods, as shown in figure 
4-40. Two were caused by increased solar heating at the high 0 angles. 

The third was caused by not activating the OWS heat exchangers for five 
days which allowed the internal temperature to rise just prior to a 
period of positive 0 angle and high albedo. 

4. MPA Internal Temperatures . Figures 4-41 through 4-45 present 
the MDA average internal temperatures. MDA temperatures prior to SL-2 
were influenced by the vehicle attitude changes resulting from thermal 
management of the OWS, and by management of MDA wall heaters to conserve 
power. These factors resulted in MDA temperatures between 50°F and 65°F 
prior to SL-2. During SL-2 intermittent use of the MDA wall heaters to 
conserve power prior to SAS deployment on DOY 158 and to provide a cooler 
interchange flow with the OWS following SAS deployment contributed to 
continued low MDA internal temperatures. Internal temperatures were in 
the 46-47°F range during both the SL-2/SL-3 and SL-3/SL-4 storage periods 
as planned prior to the flight. During SL-3 and SL-4, the MDA wall 
heaters were frequently switched to the 45°F thermostat setting for power 
management associated with EREP and other experiment maneuvers and the 
resulting temperature transients are reflected in figures 4-43 and 4-45. 
When allowed to operate normally, the system maintained temperatures 
within the desired control range. Figures 4-46, 4-47 and 4-48 show 
MDA gas-wall temperatures relative to the comfort box for bL-2, SL-3 
and SL-4„ * 
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Figure 4-39. OWS Average Temperature SL-4 Manned Mi 
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Figure 4-41. MDA Average Internal Temperature During SL-l/SL-2 
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Figure 4-42. MDA Average Internal Temperature During SL-2/SL-3 Storage 
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Figure 4-44- MDA Average Internal Temperature During SL-3/SL-4 Storage 
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Figure 4-47. MDA Comfort Box for SL-3 
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Figure 4-48. MDA Comfort Box for SL-4 



M ^ Temperatures ,, Integrated temperature control of Airlock 

. StrU f^ e and non-cold-plated equipment was provided by norma? 

° ^ aCtiVE C0 ° llrig SyStein ’ atmos pheric"control sys“nd 

wail heaters in conjunction with thermal coatings, curtains and insula- 

£ aU SqUipment and remained Sthx" 

acceptable limits throughout all phases of the mission. 

With the unplanned vehicle attitude during the initial ST -1 
unmanned phase when pitch angle was maintained at approximately 45 to 

Ihillf^LlIckTf I* ? WS temperatures af£er l°ss of the meteoroid 
Table A s ■ !* f £em P eratures abnormally cold as shown in 

lable 1.5. ^..nough indicated temperatures were still acceptable 

instrumentation was rather limited and colder areas may have existed 
Following deployment of the parasol on DOY 147 and return f*n i i 

solar inertial attitude, temperatures i^reasld to ZZl fvels 

ZTsloTion. mternal temperatu - s ~:.ed in paragraph B 9 of 

. 6> - ^ S Food Fil ™ Co ntainer Temneratnrp.s. ot.tc f-[ irrmn -f 

between IK ^ 

DecweenjfU and 85 F. It was also required to maintain the ntjq f-n m 
below 80 F except for periods with jBeta| >60° when the limit was 85°r 
This design limit was revised to 100° F bit since tils 
exceoded as shown in figure 4-49, some film was resupplS Dufll 

ffl P If pri ° r t0 SL ' 2 launch > the food and film containers tended to 

Whir* TI aSe * temperatura aa £ he figure indicates. T^ffd 
lockers located near Position IX (figure 4-50) in the forward compart- 

ilfluT*! Vfh dagreea hotter than the average temperature due to the 

SeilEIlV f s ° T e Y a11 POSitl ° n The fllm v a ult, Har 

Position IV, was a few degrees cooler due to the more moderate wall 
temperatures near Position IV. e waj " L 

, • ^ , f qu f tions used tQ determine food and film temperatures are 

shown in Table 4.6 and the lneaMrm «-k Q u 5 uemperacures are 
t-Wo , ne xocacion of the onboard measurements used in 

the equations are shown in figure 4-50. It was necessary to revile -hi 
f nS ° rS r nt ° ff Scale high or w hen the equations wfl f 
heafing V dnI to“«ta 2u!" “ ^ confi S urati °“ or eternal 

]T>o,. 1 hC ,na ^ lin V ni food and fllm Stainer temperatures of 132 and 

S , A?r ,pecUv0ly ' ° CCurred dust Prior to parasol deploiment on DOY 
W7. After parasol deployment, the containers cooled dolltlthl w 
80 's and remained there until the higher Beta angles atX Inf If lie 

period at th™ blginniVoTthf ! sW/II-f I^ragl' ^pl rilf thffllff^ 
tl thflof 80 's'ligalf reaCh6d aPPr ° Ximat6l y 100 ° F before cooling down 
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Figure 4-49. SL-1 OWS Film Vault & Food Lockers Temperature Histories 








4.5 EFFECT OF SL-1 

Location 

FAS (-2 Axis) 

FAS (-Y Axis) 

FAS (+Z Axis) 

FAS (+Y xis) 

O 2 Tank 1 

O 2 Tank 2 

0 2 Tank 3 

O 2 Tank 4 

0 2 Tank 5 

O 2 Tank 6 

N 2 Tank 1 

N 2 Tank 2 

N 2 Tank 3 

N 2 Tank 4 

N 2 Tank 5 

N 2 Tank 6 

STS Inner Skin 

Lock Conipt. Inner Skin 

Aft Comp. Inner Skin 

SUS 1 Water Line 

SUS 2 Water Line 

NOTES i U) Orbital Range 

© DOY 140-146, beta = 2 
0 00Y 201, Beta = 25° 


ATTITUDE ON AH TEMPERATURES 

Minimum Temperature (°F) ( 

SL-1 @ 

Normal 0) 

-16 to -9 

120 to 200 

-48 to -34 

15 to 40 

-70 to -56 

-50 to -19 

-42 to -21 

-21 to 0 

-30.7 

-14.4 

-31.6 

- 12.6 

-51.2 

-30.8 

-43.5 

-15.2 

5.0 

82.8 

3.4 

134.6 

32.5 

88.9 

24.0 

89.2 

17.9 

47.9 

10.0 

50.7 

1.6 

25.0 

4.0 

27.4 

38.8 

57.0 

41.9 

57.1 

43.1 

57.2 

33.7 

43.0 

38.6 

47.5 


° to 28°, Pitch Angle = 45* 


to 50° 
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Figure 4-50. OWS Inboard Wall Profile Location of Food Lockers & Film Vault 
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TABLE 4.6 


OWS FOOD AND FILM EQUATIONS 


Time (DOY) of 
Equation Change 

Floor 

Food Lockers 

Wall Food Lockers 

Film Vault 

134 

AVE* 

1/2 (C7044 + C7032) 

1/3 (C7044 + C7060 + C7040) 

137 


1/2 (C7044 + AVE*) 


142 

C7123 + 14 

1/2 (C7123 + C7058) +14°F 

C7123 4- 13 °F 

147 

AVE* 

1/2 (C7040 + C7032) 

1/3 (C7044 + C7060 + C7040) 

163 

N/A** 

AVE* + 4.4°F 

AVE* 4 5. 0°F 

169 


AVE* + 3.4°F 

AVE* + 4. 0°F 

170 


AVE* + 2.4°F 


238 


1/3 (AVE* + C7058 + C7144 
+2°F) 


268 


1/2 (AVE* + C7058) 


270 



1/2 (AVE* + C7044) 


*AVE = OWS Internal Average « 1/4 (C7032 + C7122 + C7040 + C7123) 

**Floor Food Transferred to Wall Locker on DOY 148 
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Figure 4-51. SL-2 OWS Film Vault & Food Lockers Temperature Hi 
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Figure 4-52. SL-3 OHS Fiim Vault & Food Lockers Temperature Histori 
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required away from solar inertial for these maneuvers ranged from several 
minutes to almost 3 hours. The external temperature results from a typi- 
cal experiment maneuver are shown in figure 4-55 along with the predicted 


9. Active Systems 


required 

vated. 


a. OWS Duct Heaters. The six OWS duct heaters were never 
urmg SL 2, SL-3 and SL-4, and consequently, were never acti- 


b. OWS Radiant Heaters. The OWS radiant heaters wer» to be 
commanded on at 107 minutes after liftoff according to premission plans 
in order to warm the OWS up to 70°F. They were commanded on at 2 hours 
44 minutes GET by ground controllers. At this time the OWS internal 

RusTa Tn’ 1 determined frora C7032, C7044, and C7106 was 64°.-’. AM 
vided rvfin US L CUr r nt and V ° ltage data indicated that the heaters pro- 
watts ’7 6 ™ f power V£rSUS their desi S n requirement of 1,000 

watts, minimum. The heaters were commanded off at 134:22:44 GMT (5 

hours 14 minutes GET) at which time the OWS temperature was- 72°F. The 
J,;r rease “ °" s te ™p«ature during the radiant heater operation was 
greater P than r thf heati " 8 " hiCh W3S a " ° rder of “ a 8nitude 

operatL af^f tha^ time. " P ° Wer ’ heSter3 ^ 

nf * °' a° WS Wlndow H® a ter. Although condensation in the form 

of ice, fog, and water was observed on the inner surface of the outer 

pane of the wardroom window during the mission, the wardroom window 

conden1t PC 1 ^ performed itE intended function of preventing 
condensation on the cover and inner surface. The basis for this con- 

(Mr°69) S and a the IT tUrned off for °" e night during SL-2 
(DOY 169) and the Wuole inner surface of the cover was foggy in the 

morning. The heater was turned back on and the fog disappeared. To 

thelind viewing degradation due to condensation on the outer pane 

dur Jg1^3 Vented thr ° U8h thB anti ' S ° lar SAL Se — 1 «=*■*■ 

.. r . d * 0WS Water Ta nk Heaters. OWS water tank heaters were 
h mostatically controlled to keep the water tanks above 56°F. Tele- 
metry data of S1.-1 OWS Bus 1 and Bus 2 current indicated that all ten 

" " ,e “*" s were on soon after liftoff (10 others were disabled 

prior to launch by opening their circuit breakers) due to the relativelv 

Svst pral “ uncil thermal conditioning. The Cround Thermal Conditioning 7 
System had maintained the OWS at C 5°F at liftoff Tho v 1 S 

individually turn off after 24 minutes of light an^ere aU of^Ster 

® °f Monitoring of SL-1 OWS Bus 1 and Bus 2 current indi- 

1 thc^hermo: t a1 £erS ^ ^ *« ^ p ~ind as «£££ 


4 “ 7*1 
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The heaters did not operate again during the remainder 
of the Skylab missions. Thermal conditions in the vicinity of the water 
tanks during the SL-3/SL-4 storage period were low enough to require 
heater operation. However, the heaters had been disabled (circuit 
breakers opened) prior to the storage period to conserve heater power 
in the event that an electrical powerdown was required due to loss of 
coolanol from the Airlock Module cooling loop (see Section VII). 

d. MDA Wall Heater System. The MDA wall heater system con- 
sisted of eight 20 watt and eight 40 watt electric wall heaters located 
on the internal cylindrical section of the MDA pressure wall. Four 70°F 
and four 4 5° thermostats were provided to control the internal wall 
temperature. Each thermostat had a primary and secondary set point 
providing thermostat redundancy. Seventy degree F thermostats were 
provided for manned operation, while 45°F thermostats were provided 

for orbital storage. 

The MDA wall heater system was operated in an off- 
nominal mode from launch through the SL-2 mission. The heaters were 
managed by ground command as necessary to maintain MDA internal temp- 
eratures consistent with cluster power requirements prior to SAS de- 
ployment on DOY 158, and to provide additional interchange cooling to 
the OWS following DOY 158. 

Operation during the SL-3 and SL-4 manned periodo, with 
the wall heaters in the 70°F control mode, closely approximated nominal 
plans and used approximately 800 to 900 BTu/hour of heater power on the 
average. The only deviations were periodic shut-off of the heaters 
implemented during some EREP and other experiment maneuvers. 

For the storage periods the MDA wall heaters were 
switched to the 45°F control position. During these periods the wall 
heater operation was characterized by heaters 1-4 being on most of the 
time, 5-8 cycling, 9-12 occasionally cycling, and 13-16 being off. The 
integrated average heater power was approximately 700 BTU/hour. The 
wail heaters performed as expected throughout these periods. 

e. MDA Docking Port and Tunnel Heaters. Each MDA docking 
port had a 15 watt heater with thermostatic control between 60°F and 
70°F. In addition two 80 watt strip heaters were installed in the axial 
port clocking tunnel with thermostatic control between 60°F and 74°F. 

I huso heaters were activated most of the time except during attitude 
maneuvers prior to SL-2 launch, during power conservation periods before 
the SAS wing was deployed, and during certain EREP and other experiment 
maneuvers . Monitoring of TM data in the tunnel area indicated nominal 
performance by the heater systems. The port and tunnel heaters had an 
estimated average heat load of approximately 130 BTU/hour. 
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Figure 4-56. STS Wall Temperature 
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Figure 4-57. STS Gas Temperature at Mole Sieve A Compressor Inlet 
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the control unit did not experience conditions requiring it to cycle 
the heat exchangers. The unit was deactivated on DOY 016 to aid in 
reducing the OWS internal heat dissipation. 

k. Molecular Sieve Exhaust Duct Heaters. Heaters were pro- 
vided to prevent freezing of water vapor during molecular sieve operation. 
Primary and secondary heaters (62. 4w each @ 28v) were mounted on adven 
separate duct sections. Primary and secondary heater thermostats were 
set to close at 50°F and 42°F respectively. The closing design tolerance 
was ±5°F about the nominal. The opening range was 0.5°F to 8°F above the 
closing setting. 

10. Passive Systems 

a. Structural Heat Leaks 

(1) OWS. The OWS structural heat leak for the twin 
pole/parasol shield configuration is shown in figure 4-61. The figure 
indicates that for a given temperature, the structural heat leak was 
greatest for Beta between -40 and -60°. The minimum heat leak occurred 
at Beta of ±73.5°. The heat leak was inverse./;? proportional to the 
absorbed heat flux which was a function of the Beta angle. 

The preflight heat leak predictions were based on 
a thermal model which included the meteroid shield. Since more exter- 
nal heat was absorbed by the goldized kapton tankwall/sunshield config- 
uration, the structural heat leak was significantly less for the vehicle 
than predicted p ref light. 

(2) MDA/STS. The MDA/STS structural heat leak is 
shown in figure 4-62 as a function of internal wall temperature and AM 
radiator heat load., The data are presented for BETA = 0. However, the 
variation of heat leak with Beta angle was small for -60 < Beta < +60. 

The structural heat leak was based on the predicted internal waste heat 
loads for constrained conditions and the duty cycle of the MDA/STS wall 
heaters. The structural heat leak was greater than preflight predic- 
tions which are shown Ln figure 4-62 for comparison. Since much of the 
data necessary to compute the structural heat leak was not directly 
measurable (such as the CSM structural heat leak, the MDA internal waste 
heut load, and the wall heater duty cycle) the results in figure 4-62 
are only approximate. 

b. Insulation Systems 

(1) OWS 

(a) Common Bulkhead Insulation. The flight heat 
teak through the common bulkhead, and predictions are presented in Table 
4.7. The predictions for the maximum heat leak during habitation 
were 236 BTU/hour (69.0 watts) greater than the average value from 
flight data at Beta » 0°, and 175 BTU/hour (51.4 watts) greater than 
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TABLE 4 . 7 COMMON BULKHEAD HEAT LEAK 


Time 

DOY 

(4) 

Beta 

Angle, 

deg 

Source 

of 

Data 

Average 
Plenum 
Air (1) 

Temperatures 
Insulation 
OWS Face (2) 

Average 
Insulation 
Temperature 
Difference (2) 

Heat Leak (3) 
Btu/hour Watts 




°F 

°F 

°F 



217 

0 

Flight 

76 

75 

14.5 

524 

154 

235 

62 

Flight 

72 

72 

12.0 

432 

126 

265 

-49 

Flight 

71 

71 

13.7 

490 

144 

280 (5) 

0 

Flight 

55 

54 

6.0 

209 

62 

307 (5) 

0 

Flight 

60 

57.5 

6.5 

228 

67 

364 

0 

Flight 

72 

72 

11.0 

396 

116 

016 

-71 

Flight 

79 

78.5 

8.0 

292 

85 

* 

0 

Analysis 

69 

65 

20.0 

696 

204 

* 

-73 

Analysis 

84 

81.5 

12.9 

467/ 

137 


NOTES : * 


Analytical prediction for habitation period. 

cSraSTdE: sr ture ls averase from sensors 07144 ana 

Insulation temperatures from sensor pairs* 

only) 1 ?" 179 ’ C7095 - C7097 > C7182-C7180, C7091-C7092 (flight data 

Based on an insulation thickness of 
Insulation conductivity : 

0.016 Btu/hour-ft-°F at 0°F 
0.019 B tu / hou r-f t-° F at 100° F 
C4) MSEC Sun Shade deployed after 1730 GMT on DOY 218 
(5) ^^fg^. 307 — during the storage^eriod "between 


CD 

( 2 ) 

(3) 


3 in. and the following 


the flight data value at near maximum negative values of Beta. The 
difference between the analytical and flight data heat leak values 
represented approximately one degree F change in the OWS average inter- 
nal temperature during habitation. 

The cause of the difference between the predicted 
and flight heat leak data appeared to be waste tank temperatures that 
were warmer than expected. Although the instrumentation available was 
not sufficient to completely verify this conclusion, there was a smaller 
than predicted temperature difference across the insulation. Warmer 
temperatures in the waste tank could have been the result of either a 
warmer enviroranent for the aft skirt/thrust structure region or less 
sublimation of ice than expected in the waste tank. 

The smaller bulkheat heat leak during storage 
was expected and primarily resulted from the duct fans being turned off, 
reducing the convection heat transfer in the plenum region at the 
insulation surface to essentially zero. A comparison of the data from 
the table shows the storage period heat leak rates on DOYs 280 and 30? 
to be roughly one half of the corresponding habitation period heat leak 
values for DOYs 217 and 364. The significance of convection heat tran- 
fer to the common bulkhead during habitation was also shown by the 
difference in the average air-side insulation surface temperature between 
the habitation and storage periods. During the habitation period, the 
air -side surface of the insulation followed the plenum air temperature 
closely for the temperature range encountered (71 to 79°F) . During 
storage, the plenum air temperature measurements reflected the mean 
radiant temperature of the floor and plenum area which was 15 to 20°F 
colder than during habitation. 

(b) Multilayer Insulation. Conductance values 
for the 48 -layer sections of the forward dome multilayer insulation 
(MLI) were determined from flight temperature measurements of the MLI 
exterior surface, the wall structure separating the MLI and internal 
foam insulation, and the interior surface of the foam insulation. There 
was one set each of temperature sensors on Position Planes I and III 
(PP I and PP III) identified as follows : 


Location 

MLI 

Exterior 

Forward 

Dome 

Foam 

Interior 

PP I 

C7100 

C7162 

C7106 

PP III 

C7101 

C7163 

C7107 


P The applied value of the foam conductance, 
0.48 BTU/hour-ft - F, was based upon a conductivity of 0.02 BTU/hour- 
ft- F and a thickness of 0.5 inch. Tae heat flux, the product of the 
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(Delta°? d “f a rf Ce M^ K Urf u° e t6m P erature difference across the foam 

faces fSlta T L ^ dem P erat “ re difference between the MLI sur- 

iaces (Delta T m **) yie lded the MLI conductance. The comparative Iv low 

conductance of the MLI resulted in small Delta T f 's (approSg 1 to 

ac ^ ura fy of which largely determined the accuracy of the con- 
ductance evaluations. The accuracy of Delta T* and Delf-n t t 7 ^q i - •*- 7 

Se ^ itivit y O ne data bit repr es ented^about 
I'gOp ffr the Vr m - face ’ wal1 atld interior > temperatures and nearly 

for thf foam temnerat r tem P arature > and use of different multiplexers 
V™ “TT measurements on PP I. With the low heat fluxes 

rfquirf that tie t°Z l’ ! WaU therraal ca P acit y » sufficient to 

essentiaUv stead rr r e ta USed f ° r MLI evaluation be taken when 
essentially steady state heat transfer conditions prevail. Such con- 

ditrons were found at extreme values of Beta anele f+fis Hoorooe \ 

when in the solar inertial attitude, the cal t^al^Lo™^ 

relati p r r ? Small , over a P eriod several days. Because of the 
elatively large change in temperature represented by one data bit a 

large number of readings was required in order to determinethe critical 

Ure , dlfference with sorae degree of accuracy. A further 
“ f s the availability of suitable data resulting from the 

from™ensors ° 7 lSfand Multi P lexer B through which data 

rrom sensors >,7101 and C7162 were transmitted. 

of nov ^ Hno T-, • - Su ;*; table dafca were obtained for nearly all 

of DOY 176 at the beginning of the first storage period and for several 

periods totalling about 72 hours from DOY 325 through 330 during SL-4 
The average conductance values from these data were as follows- 


Average 


Location 

DOY 

Average 
Conductance 
BTU/hour-ft -F 

Temperature Difference 

T f T m 

°F Op m 

PP I 

176' 

0.010 

1.45 

69.6 

PP I 

325-330 

0.0061 

0.88 

69.1 

PP III 

176 

0.1)054 

1.73 

130 

PP III 

325-330 

0.0077 

1.75 

109 


T f Forward Dome Temperature - Foam Interior Temperature 
** T m = MLI Exterior Temper a tur i - Forward Dome Temperature 


mu ip'i w l ' i 




The conductances at PP I and PP III differed 
significantly, because conduction which was sensitive to local compres- 
sion, nearby joints, button fasteners, and penetrations comprised over 
90 percent of the MLI heat transfer. The design requirement called for 
a conductance of not more than 0.02 BTU/hour-ft 2 -°F or nearly twice the 
largest value above. Combining worst case values for errors in foam 
conductance and measured Delta T’s, the MLI conductance was still less 
than the design maximum value. 

(2) MDA Multilayer Insulation. The MDA multilayer 
insulation was not thermally instrumented for subsystem performance 
evaluation. However, the MDA internal wall temperature data indicated 
that the insulation limited the structural heat loss to levels which 
enabled thermal management with the available heater power. 

(3) AM Thermal Insulation. The AM passive insulation 
systems were also not instrumented for subsystem performance evaluation. 

As in the case of the MDA, the AM thermal curtain and other insulation 
systems limitea the heat leak such that internal wall temperatures were 
maintained within desired limits. 

c. OWS Heat Pipes. The purpose of the OWS heat pipes was 
to provide energy to certain areas of the OWS tankwall to maintain them 
above the predicted 55°F maximum dewpoint temperature. However, those 
areas did not approach 55 °F due to the meteoroid shield anomaly, and 
the heat pipes were not required. 

There was no temperature instrumentation for heat pipe 
performance evaluation. However, there was a plan to estimate heat pipe 
performance based on wall temperature and portable sensor measurements 
on the heat pipes. Since the loss of the meteoroid shield significantly 
altered the anticipated temperature distributions, it was not possible 
to use these techniques due to localized uncertainties in the external 
environment. An evaluation procedure was proposed during the flight 

which involved the crew removing one heat pipe and applying known I 

temperature gradients to evaluate its performance in “O'* g. This pro- 
posed procedure was rejected due to the crew time that was required. 

i 

d. Thermal Coatings ! 

(1) OWS ] 

(a) S-13G Paint 

1 Installation. The aft three feet of the 
OWS aft skirt (figure 4-63), was painted with the S-13G paint to provide 
passive thermal control of electrical and attitude control equipment con- 
tained in this nonpressurized region of the OWS. In selected areas of i 

the white aft skirt, black Cat-a-lac epoxy enamel paint stripes (a/£- 1.0) 
were used for further thermal control. 





The optical property measurement of the 
S-13G after application were 0.2 and 0.9 for a and e respectively 
The optical properties of the Cat -a -lac black paint were not measured 
at installation. 


— Prelaunch Measurements. Optical property measure- 
meats of the black and white surfaces were made prelaunch to assure. pro- 
per thermal control of the associated electronic components during orbit. 
The following table summarizes optical property specifications and 
measured -values. 


Description 


Parameter 


Specification 


KSC 


Value 


Measurement 


S-13G White Emittance 

PsTnt Solar Absorptance 


0.85 min 
0.22 max 


0.92 

0.21 to 0.25 


Cat-a-lac Emittance 

Black Paint Solar Absorptance 


0.85 min 
0.85 min 


0.91 

0.93 


The range of solar absorptance values were higher 
than the allowable specification for the S-13G white paint. However, 
these conditions were determined to be acceptable since the emittance 
of the white paint was 0.92 which maintained approximately the same a/e 

ratio, resulting in no significant change in the desired thermal con- 
trol range. 


3 Orbital Insertion Data. Orbital temperature data 
from a temperature measurement on the aft skirt located 32° from the 
normal solar vector was utilized to evaluate the ultraviolet and proton 
degradation effects on the white paint solar absorptance. A thermal 
model simulating the aft skirt structure in the vicinity of the trans- 
ducer was set up to assess the effects of paint degradation. 

The retroroclcet firing to effect stage separation 
resulted in plume contamination of the S-13G paint on the aft skirt. 

The contamination, consisting of particle deposition, was visibly evident 
on photographs taken of the white painted surface during fly -around maneu' 
vers prior to the docking of the first Skylab crew. The contrast between 
the white painted surfaces under the SAS Beam Fairing Number 1 that was 
durin S retr °fire, and the skirt surfaces around it was c ; learly 
visible.. The plume contamination primarily affected the o’ while the e 
being initially high, was not substantially increased. 

Plume contamination effects on the white paint 
caused degradation that was dependent upon the plume flow impingement 
angle and the separation distance during staging. Assuming the aft 
skirt surface could be approximated locally by a flat plate surface 
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parallel to the plume flow, the Arnold Engineering Development Center 
test data of Reference 4-1 and figure 4-64 was used to nredict the 
severity of the degradation. On this basis, the plume degradation 
effect on transducer (C7189) located at Station 218 resulted in an 
X * C Z e t Se ° f a fr ° m the initial ran § e of 0-21 to 0.25 to a value of 


, . . _ . . Orbital flight data taken within four hours after 

orbital inseration showed further a degradation to a i alue of 0.37. 
This condition was consistent with test data of Reference A -2 which* 
showed a high proportion of the UV and proton damage to S-13G white 
paint occurred within five hours of exposure to simulated solar sources 


- — Post Orbit Insertion Data. Orbital temperatures 

for surfaces viewing the Sun followed a cyclic temperature profile. As 
shown in figure 4-65, the aft skirt thermal model closely simulated the 
flight data for DOY 250, (Beta = 0°). Peak cyclic temperatures for 
Beta = 0 conditions starting at DOY 157, through DOY 343, were plotted 
(figure 4-66) to determine the optical property degradation and seasonal 
solar intensity fluctuation effects. The flight temperatures were com- 
pared with calculated temperatures for white paint with a = 0 38 0 40 

and 0.42, generated for the following seasonal variations: ’ * ’ 



qsolar 

BTd/hour-ft^ 

^IR 

BTU/hour-ft2 

Summer Solstice 

415 

72.6 

Autumnal Equinox 

429 

75.1 

Winter Solstice 

444 

77.7 


„ ^ . For a constant value of a the analytical seasonal 

emperature variation is seen in figure 4-66 to be substantially less 
an hat of the flight data. The data clearly showed a solar absorp- 
tance degradation during this time period. Starting at summer solstice 
the analytical data indicate: 


<*s 

Summer Solstice 0.39 

Autumnal Equinox 0.41 


Winter Solstice 


0.42 








temperature (°F) 



TIME (HOURS) 


Figure 4-65. OWS Orbital Simulation of Transducer C7189, 3=0° 
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. , „ wnsiaenng an initial orbital white paint absnrn 

^rV“ a > the n-gr^taweS STS^ 

test data Of Reference 4-3 but were lower than the degradation rate 
given m Reference 4-2. It should be noted, however, ^hat the desL 
est data were for an S -13 G surface while the flight data were for~a 
plume contaminated S-130 surface. 

(b) Z-93 Paint 


„ i ^ , 2: installation. Z-93 white paint was 

?K X a ed u° thG anti " so:lar side °f the OWS solar array panels to reduce 

Meh‘ ° m°T i0n -- *5* Z " 93 WaS Stabie and had the « (0.2) and 

i g h e (0 9) required to keep the solar array relatively cool to maxi- 
mize its electrical power generation capability. Five mils of Z-93 

aWn "T aPP , lied t0 the S ° lar panel > which consisted of t^o L1-T81 
aluminum face sheets on a 0.375 inch 5052-0 aluminum hex cell. 

r . r ^ iy . coup,.. , clccctss a si lccl 

the ei p ? nd ? : C ^ a f ed ln the sarae environment. The average properties of 
respectively 2 3 r ' urfaces were °*18 and 0.90 for a and e 


, =■ Pre i a nnch Measurements. The Z-93 nainf- 

r srssrjsss is/ss-sts s rs? 

zsrzz; ssraais-- 

nation. Therefore, ic was assumed that no further degradation 
occurred prior to launch. degradation 


eVposert 1 "^ t 7 the beam/ f ai ^^ td -?ng a ioos T t e solhatlfwas not *** 
n W n l boos t contamination or to S-Il/s-IV separation retrorocket 
p ume contamination. Solar array temperature sensors G7147 and C7242 

Bet! an lilt -"Prison with predicted temperatures at Sro degree 
B ta angle conditions. As shown in figure 4-68 sensor CT?L9 T 

on Wing Section 3 adjacent to the OWS ftage and ’ cons^Lntly record^ 

higher temperatures than sensor C7X47 located on Wing Section 1 

was not influenced as much b y the IR interchange from the stage! ^ 1Ch 

ssr — 5 ’ 

onstant. The Z-93 pamt 3 and e values of 0.20 and 0.93 respectivelv 
* re used m the analysis. The analysis assumed that the solar array had’ 


ABSORPTIVITY RATIO (a s /a s i) 



Figure 4-67. S-73G White Paint Degradation 
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fully charged the AM batteries during the early part of the orbital 
daylight and consequently was not generating electrical power at the 
time of peak temperature (orbital noon) . The energy normally converted 
to electrical power was then dissipated as heat, raising the solar 
array temperature . 


The correlation of flight data and analysis 
was generally good, it is noted that the measurements were lower than 
the predicted temperatures during the later part of the mission e.g., 

DOY 342. This deviation resulted from the fact that on those days, con- 
trary to the general analysis assumption, electrical power was being 
generated throughout the sunlight portion of the orbit due to increased 
power demands to perform the EREP maneuvers. The sensitivity of the 
analysis to a was also investigated. Results indicated that if a 
had degraded from 0.2 to 0.3 during the mission, the solar array temper- 
atures would have increased about 5°F for a fixed solar constant. There 
was no progressive increase in solar array temperatures during the 
mission. It was apparent that no major degradation of Z-93 paint opti- 
cal properties occurred. 

(c) Goldized Kapton Tape 

1. Installation Properties 

The goldized Kapton tape was installed on 
the external surface of the habitation area sidewall to provide a low 
emittance (6) surface. This surface, in combination with the black and 
white painted meteoroid shield originally covering it, was to have pro- 
vided the desired heat balance to meet crew comfort and other thermal 
control requirements within the habitation area. The six-inch wide 
tape, Mystic 4017, consisting of 680 angstroms of gold on a one mil 
Kapton film backed with silicone adhesive, was installed in butted 
circumferential bands on the habitation area sidewalls. The tape was 
installed by a controlled application procedure which included air 
bubble removal between the tape and the sidewall surface. The gold 
surface of the tape was protected by a plastic film until just prior 
to installation of the meteoroid shield in October 1973. 

Extensive measurements were made of the 
gold tape e after installation on the habitation area sidewall. The 5 
average value from 50 measurements was 0.03. 

The measurements of the installed goldized 
Kapton were made at KSC from March 31, 1973 to April 13, 1973. Measure- 
ments were made at four general locations and values obtained were 0.022, 
0,022, 0.036 and 0.040. An average of the four measurements gave 0.030 
which agreed well with data obtained from new material as well as that 
obtained shortly after installation. No data were taken for solar 
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absorptance (a) since the Kapton surface was not designed to be ex- 
posed to direct solar impingement or albedo. Measurements of a for 
samples of the goldized Kapton gave a value of approximately 0.15. 
Therefore, a reasonable estimate of the optical properties at liftoff 
was a/e = 0.15/0.03. 


2_ Orbital Properties Prior to Sunshade 

Deployment 

Following orbital insertion, the main 
complication in evaluating the gold tape optical properties was that 
the temperature instrumentation on the sunside of the vehicle went 
off-scale high because of the higher than expected heat fluxes, result- 
ing in ill-defined boundary temperatures for the OWS heat balance. Two 
evaluation methods were employed to determine optical properties for 
the period immediately after insertion on DOY 134. A small scale ther- 
mal model was used to analyze the large transient response of the 
Position Plane I internal and external temperature data before their 
respective maximum temperature scales of 120°F and' 190°F were exceeded. 

For the transient analysis of Position 
Plane I, temperature data taken at MDAC Stations 319, 420, and 460 
approximately 75 minutes after liftoff were utilized to estimate the 
optical property values. The data consisted of the outboard and in- 
board surface temperature responses of the tank sidewall foam insulation 
on the Position Plane. During the time period chosen, sunlight was 
directly incident on the area. The thermal model was used to solve 
for the tank sidewall temperatures for a given set of external surface 
optical properties. From this postflight evaluation utilizing a solar 
flux of 419 BT(j/hour-ft 2 and an albedo of 0.3, it was found that at 
MDAC Station 420 and ct and 8 of 0.175 and 0.035, respectively, best 
matched the flight data as show in figure 4-69. Similar analyses of 
the temperature data at MDAC Station 460 and 319 gave a/-: values of 

0.165/0.03 and 0.21/0.05, respectively. The optical property variation 
with the longitudinal station was indicative of a decreasing degradation 
effect from retrorocket plume contamination with increasing distance 
from the plume source. The results of the transient response analyses 
of Position Plane I as well as the overall heat balance analyses using 
the OWS thermal model were indicative of a degradation in the gold tape 
a and e. Surface degradation of the tape is verified by photographs 
which indicated contamination from the retrorockets fired during separ- 
ation of the OWS from the Saturn S-II stage, scratches from the meteo- 
roid shield and bubbling on the Position Plane I side of the vehicle, 
probably resulting from the high temperature occurring before deployment 
of the sunshade. 
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3 Orbital Properties After Sunshade Deploy- 
merit c J 

following sunshade deployment was Xffi^r^ g ? ld tape P r °P er ties 
meters strongly influencing thp Xt 111 that there were many para- 

not be individually assessed in ^ ^ C ° Uld 

mission in orbital sunlight fraction L*i « Th f chan S es during the 

the solar vector (Beta) habit a** inn gl bet J 7ean the orfa it plane and 

shading from part^%iS^^tST^^ h “h loadB 3nd c °° lin S> 
ations, deployment of SAR wino- i a ifferent sunshade configur- 

'"■« 2 ii 

244 during an Earth Resources ma^uvS whLTrlsuLef LT 
ature transients in the Position Plane TV area th! £ 1 S * ternper - 
at MDAC Station 389 were calculated to bl 0 27^nd n os Pe “ ^ 8 
(see figure 4-69) . For this analvc'-f* - « , 7 _? d 0,05 > respectively 

was used. A similar analysis solar flux of 426 BOT/hour-f^ 

ver to photograph a barium cloud on^l^r waf' ? UrinS 3 maneu ‘ 

calculated optical properties. 31 * indicative of the same 


MDAC Stations 319 and 389 in the iosSon ^ at 

secutive Earth Resources passes on DOY 2S8 indJL a lng £wo con " 

properties at station 319 of 0.35 aS 0 fo'fnr o a f° ld t3pe ° pCical 

and 0.30 and 0.06 for Station 389 ^ “ and 8 > respectively, 

figure 4-70, A solar flux of 428 BXU/hour a ft2 by the ° orrelat i°n in 

1 ^“■Blff/hour-ffr* was used in the analysis. 

a series of Kohoutek comet Janua ^ 

vers were performed. These maneuvers again R * Sources maneu ~ 

to direct sunlight, resulting in large * tha ? osition II area 

the high Beta angles and aacnofaf a ? mperature transients because of 

The analyses orthese tLperature traff S** 1 ** 1 SUnlight factions. 

s ssrs^i,- SiHPr 

Sr 4 "r“- S2r 


properties cannot be considfred^s ° ptlcal 

errors associated with the accuracy n f l bet =ause of the potential 
attitude hist or v during maneuvers ^ tt emparature data and vehicle 
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Figure 4-69. Temperature Response of Gold Taped Sidewall to Direct Solar Exposure 
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Figure 4 70. OWS External Wall Temperature Simulation for EREPs 31 & 32, DOY 258 





Figure 4-71. OtfS External Wall Temperature Sinjulati 




based on the distance from the Earth to the Sun for the particular 
season of the year being considered. The transient analyses were not 
sensitive to the values of albedo and Earth IR assumed. 

. , . The S°l d tape optical property data are 

summarized m figure 4-72 and Table 4.8. The results show the effect 

So pa ^ e n ters >. retroi:oc ket plume contamination and exposure time 
the orbital environment. The results presented for DOY 13 4 are 
based on temperature data read from three longitudinal stations on PP I. 

men^ ^ ^ degradation effect of the retrorocket plume impinge- 
nt decreases with increasing distance from the plume. Both ct s and^ 

244 25ranf Q L the ^° nt ^ nat:i0n * The results Presented for DOYs 134, 
h ° W he effect of or ^it time on the optical properties 

Ind ^ rend dnd ^ cated is an increase in a and £ for the first lOO^ays 
and essentially constant values thereafter. 7 

PYno . . The Z-93 coating on the AM radiator 

fi* ed disaoloration as reported in the crew debriefing and in 
e flyaround photographs. A discussion of the radiator coating is 
contained in Section VII. 

During the SL-2 f ^ External dermal Environment, 

uring the SL 2 and SL-3 missions, analyses of the OWS thermal control 

nredir/owq ?! erforined t0 develop a thermal model which could be used to 
predict OWS temperatures and evaluate OWS thermal performance. Changes to 

roid sS r 61 wer VT lred 35 f ° ll0WS: the O^S TeleT- 

qAQ d Tj^ hl ^ ^ removal of the solar arrays, addition of the nondeploved 
SAS Wing 1 and meteoroid shield beneath it, addition of the parasol y 

solar shield, revision of SAS Wing 1 to tto deployed configuration 

° f M r f? 01 coverage to 75 Percent, and addition of the twin 
pole solar shield with additional coverage of 85 percent. 

explained until ^ ranoticed durin S SL-3 which could not be 

tlX later * 0ne trend was that increasing values of Beta 
(going from negative to positive^ seemed to effect an increase in the 0 W<? 

noTt”:; for diti r a11 ?’ it: Was n0tlced that the OWrt^erSure waf 
ZLIa ! < for a Siven Beta angle lata t in the mission. During the 

manned fissions variations in the heat flux caused by maneuvers S V arl- 

H ill “1“ ^ eat and ECS C °° ling > the Sua 

if®* r ^ ^ he anal y sls to determine the cause of the trends 

_ at .3 eat -Ualcs through the common bulkhead and forward dome were investi- 

If ,° U f n0t t0 be the cause of trends. However, analysis 

Beta LgleVd^lo^f 

B3!‘-‘ , £S£rjss?= it si sss Tidier- 


ia S = a S"“S INITIAL Ae = E_E INITIAL Aot s = ot s ~O.I5 
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TABLE 4.3 GOLD TAPE OPTICAL PROPERTIES 


DOY 

Orbital Solar 

Mission Flux 

Phase Btu/hour-ft^ (watt/m^) 

Location 

PP/MDAC Sta. Number 

a s 

e 

a s /e 

134(1973) Prelaunch 


N/A 

Average Sidewall 

0.15* 

0. 03** 

5.0 

134 

Orbital Insertion 

419 

1324 

1/460 

0.165 

0.03 

5.5 

134 

Orbital Insertion 

419 

1324 

1/420 

0.175 

0.035 

5.0 

134 

Orbital Insertion 

419 

1324 

1/319 

0.21 

0.05 

4.3 

134 

Orbital Insertion 

419 

1324 

Average Sidewall 

0.20 

0.04 

5.0 

225 

On-Orbit 

424 

1340 

Average Sidewall 

0.21 

0.04 

5.3 

234 

On-Orbit 

424 

1340 

Average Sidewall 

0.21 

0.04 

5.3 

244 

On-Orbit 

426 

1346 

IV/389 

0.27 

0.05 

5.4 

258 

On-Orbit 

428 

1352 

11/319 

0.35 

0.10 

3.5 

258 

On-Orbit 

428 

1352 

11/389 

0.30 

0.06 

5.0 

331 

On-Orbit 

439 

1387 

IV/3S9 

0.27 

0.05 

5.4 

9(1974) 

On-Orbit 

44" 

1394 

11/319 

0.35 

0.10 

3.5 

9(1974) On-Orbit 

441 

1394 

11/389 

0.30 

0.06 

5.0 


* Based on measured ct g for new material. 

**Average value based on measured e values at 4 sidewall locations. 


OWS GOLDIZED KAPTON 
ABSORBED HEAT RATE (3TU/HR) 








higher°Be ta '"angies'^being tatS'S^StTSf ^ made initially f ° r the 


as shown in f igure^-vf . ™»ued 
attitude were constant! the cause of the ^ !° ads , and vehicle 
had to be changes in the external pm-t- variation in temperature 
utilising the nominal solar constant ttflTwm/h Ana ^ y | iaal Predictions 
and Earth infrared radiation 05 I F) > albedo (0.3), 

trend experienced by the OWS as shown in figure 4-74 * E^h thS 

contributors to the orb-'tal bp=f- -ft,, ? 4 74. Each of these 

their relative importance! ^ lnvesti * ated to determine 


percent during this time period but this fiS d!d f 1 ” 8 about 2 

Of rising temperatures with increasing -Rets ^ a a n ° explain the trend 
with decreasing Beta. It was deteJrfnJl ft * d f ecreas “g temperature 
solar constant would only change tS nw, ^ 3 2 peroanb change in the 

of the 1 percent uncertainty in the so?! temperature 1/2°F. The effect 
internal temperature an additional l/ 4 ° F change the 0WS 

solar constant did not exnlain the Tberef ° re > variations in the 

on the variation in the Earth infrared cm t of the ^formation 

in figure 4-75, as a function o? thflatitude ol th^ giye " 

of the year. The Skylab vehicle was in a w the _°rbit and season 

the^seasonal f "^latitude^^ldditiomily, 

50DN l £r*> 

t 


season of the year is given ^in fig^r^-ytT ° f latitude and 
tory and the expected albedo as a^ni fc ^ e Beta a ^e his- 
the albedo at orbital nnnn rina tx ^ of latitude, a history of 

mal model was run using the variation^n^lb^d 211 ^ 6 4 " 77 ' ’ The ows ther- 
the major contribution of albedo hea!inS 0 ^.° ^ fisure 4 " 77 ' Sinca 
this value was used in the an^s L ^Id?t onaHy ° X ! ltal n °°»’ 
to run a transient analysis for such a ’ 1 , not P racti - c al 

tions were determined for several cpt-o -p’f ^ imej so sfce ady state solu- 
ditions. several sets of Beta angles and albedo con- 


steady state valued! any parti!ula! a da! emPe T ral:Ure } agged the P*«Hcted 

OWS temperature versus time^urve had a zero^Ti ** timeS when the 

curve nad a zero slope was the OWS internal 
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Figure 4-74. OWS Average Internal Temperature During SL-3/SL-4 Storage 
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Figure 4-75. Long Wave Radiation for the Seasons and the Annual Case 
(Solid Line) (Ref. 4-4) 
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temperature at steady state. Therefore, the steady state predictions 
could be checked by plotting the steady state predictions and the flight 

at the' ooSTi-r t SUrE 4 ' SinCa thS fUght data had a aero sl °P e 

with the flLht dara CU ra eS ° r ° SSed ’ the stead y state predictions checked 
witti cue flight data. It was concluded therefore, that the asrimpd 

values for albedo from figure 4-76 and 4-77 were correct and this was 

the reason the temperature Increased at the higher Beta angles 

Because of the variation of albedo with Beta aneleand 
season, the OWS performance for a long duration mission was not f simple 
function of Beta angle. The increase in albedo with latitude in con- 
nection with the higher Beta angles was counteracted by the decrease in 

Sc ° f - albed ° inCident t0 the vehicle with increasing Beta a^e. 

The relative importance of these two effects determined whether the OWS 
temperature increased .or decreased with Beta angle. 0WS 

nWq . In conclusion, the only parameter (other than the 

S conf ^furation) which ex P lained OWS temperature trend was 
the albedo. Although the albedo variation was well within the +2 cT 

\L 3 - ;^ 2) < . deSlg " crifceria values, the changes in albedo had a signifi- 
S f M Ct T °? s temperatures due to the high a/e ratio of^he 
f f ° xl * Du J* ing the SL-4 mission, the variation in albedo with 

measurabi^successf 0 ' 5 **“ lnt0 aCC ° Unt f0r fllght with 

f. Component Thermal Environments and Test Levels. OWS 
components were tested at +3 a predicted temperatures during the 
development and qualification program. These temperatures were exceeded 

fhfeM/h- C h m r nentS l0cated interna3 - to the OWS due to the meteoroid 

temperature anomaly. A few components located in the for- 

Zlt i d u Sk:Lrt ar ^ aS may have exceeded their maximum qualification 

oredirtld 13 u* 33 35 10 F due to warmfir fli Sht environments than 

predicted. However, no components were determined to have failed or 

performed m a degraded manner due to thermal conditions. Component 

^ leVel ® baSed OIX the ~ 3 01 exter « a l environments were, 

in .utrospect, appropriate. There was no indication that the vehicle 
experienced these +3 <7 environment extremes, but components did 
experience or exceed the test temperature levels due to unforeseen 

f uab as thS meteoroid ohUld loss and the excessive degradation 
°1 3 “ 13G ***& ™ the aft skirt. The following contains a summary 

mission^ 0mP ° nerit ‘ thermal analyses and a ssessments performed during the 

. ^ v complete thermal assessment of electrical components 

l T u a Pri ° r tD SL " 3 launch * This ass essment included 
the effects of the high temperature anomaly experienced during the first 

wo days after SL-1 launch, EREP maneuvers, and retrorocket plume con- 

°^? rved by Photograph.. The electrical systems components 
included m this assessment were from the following systems: 
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Figure 4- 7 8, OWS Tf:ermal Predictions for SL-3/SL-4 Storage 




(1) Power Distribution 

(2) Pressure Control 

(3) SAS 

(4) TAGS 

(5) Communications 

(6 ) Exp er iments 

(7) TCS 

( 8 ) cm 

(9) Illumination 

(10) Refrigeration 

(11) Electrical Command 

(12) Food Management 

« 

(13) Waste Management 

(14) Water Management 

, (15) Telemetry 

(a) Pressure control, TAGS, Experiment Accommoda- 
tion, Refrigeration, Waste Management, Water 
System 

(16) Ventilation Control 

(17) Storage Items 

In this assessment, the temperature experienced by each 
electrical component in each system during the time from orbit insertion 
until after system activation by the crew was reviewed and compared with 
its high operational or non-operational qualification temperature depend- 
ing on whether the component was operational or non— operational during 
this time. No components in either the forward or aft skirt areas were 
determined to have exceeded their high qualification temperatures . All 
components interior to the OWS which were determined to have exceeded 
their high qualification temperatures were re-evaluated. As a result 
of this re-evaluation, it was determined that none of these components 
had reached temperatures which caused failure or malfunction of the 
component . 
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j , . Subsequent to the SL-3 mission assessment it was 

exte^rf f f° m St * dy , ins the fli S ht d ata that the temperature of the 

the preflShf oldl LI?* '""T* dome i " sulation CMM) was higher than 
i • F 3 predictions . Consequently, components in the forward 

SSiSnES ZdlteV? 0 * ^her during £he sA mission than had heen 

effort ni y hM d M i f0r heir hlSh °P erat ional temperatures. The 

tfbfacLntal S ir SS Q 1 !^ ea8e **■ temperature was evaluated and found 
to be acceptable. Since there was insufficient temperature instrumental 

fliEht^ata f kirt area to determine component temperatures from 

ight data, actual temperature of the components during SL-4 were un- 

knoxm. ho components located in the forward skirt area S failed during 


durinc ST -4 fn- J\^?-T ly - S±S ° f WOrSt casG ma3cinwm temperatures expected 
uring SL 4 for electronic components mounted on the aft skirt was 

performed, based on flight data which indicated that the S-13G thermal 

h * d dBgraded due t0 re trorocket plume contaminatioT 
Th _ !f dier degradation could occur due to prolonged solar exposure! 

Vn ^* 7 f.F aft skirt electronic module temperatures for SL-4 worst- 
case conditions revealed that the RS secondary bypass controller monitor 
module and instrumentation system 5 volt modules could exceed their 
maximum qualification temperature (210 °f) by 25 °f A1 thrmo-T. nil ^ 
opponents and maherials Sithin the module ul „£ 257°F 
failure analyses of the components were performed to define system 
impacts However the aft skirt S-13G paint apparently did not continue 
to degrade, and the SL-4 temperatures for these components were 20°F 

““ *"* ■»-">■= £&- 

«-r- - “ 

ents in the MM. or AM which exceeded thermal qualification limits? 5 

Q . . . 3 ; ? WS Te ^perature Instrumentation. Program consider- 

tions dictated that telemetry instrumentation be limited. Consequently 
the number of temperature measurements required for the Thermal Contrnl^ 
System performance evaluation was minimized, 

meats to provide forward and aft skirt electrical cc—o^tS^SS 
and environments were deleted. Recognizing this basis the 

erature instrumentation is discussed in terms of its usefulness in pro-" 
viding system performance and flight status. usefulness in pro 

. . , W Thermal Control System. The temperature sensors 

Svstf» lled 5® ? WS t0 evaluate thG performance of the Thermal Control 
System produced the expected data quality. They were, for the most oari- 

properly located for their intended purposed and were in sufficient num- * 
bar to provide the necessary data. For purposed df 

ature levels, the instrumentation accuracy (Table 4.9) was adequate! 
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TABLE 4.9 INSTRUMENTATION ERROR SUMMARY 


Transducer 


Measurement 

No. 

Part 
No, ' 

Location 

C7011 

thru 

C7018 

1B75673-517 

Meteoroid Shield 
(Lost at L/0 + 63 Sec) 

C-7049 & 
All Ext. 
Tank 
XDucers 

1B75673-507 
("505 Bridge) 

Habitation Area 
1 Sidewall 

G7057 & 
All Int. 
Wall 
XDucers 

1B75673-507 
(-507 Bridge) 

Interior Sidewall 

G7100/1 

1B75673-513 
(-501 Bridge) 

HPI Exterior 

C7162/3 

1B75673-513 
(-507 Bridge) 

Forward Dome Exterior 

C7106/7 

1B75673-507 

Forward Dome Interior 

C7181 & 
All Int. 
CBH 

XDucers 

1B75673-507 

Common Bulkhead 
Interior Surface 

C7179 & 
All Eoam/ 
CBH 

XDucers 

1B75673-507 

Common Bulkhead/ 
Foam Interface 


Total System Temperature 


Error 

00 

Range 

Error 

(°F) 

C°F) 

± 2.16 

-250 to 400 

± 14.04 

± 

-10 to 190 

+ 4. 64 

± 2.35 

0 to 120 

± 2 '82 

+ 2.17 

-110 to 290 

+ 8.68 

± 2.35 

0 to 120 

± 2.82 

± 2.35 

0 to 120 

± 2.82 

± 2.35 

0 to 120 

± 2.82 

± 2.35 

0 to 120 

± 2.82 




For purposes of determing heat flux *-u 

enoe (Delta T) of adjacent sensors Ih f • ? S he tem P era ture diff er - 
as large as 60 percent using Delta yielded errors 

ature sensors used as a sefto calculate foam ‘ Tem P e r- 

same multiplexer where possible i„ order to red * Z™ pla ° Ed ° n the 
for determining the temperature difference This* ^,!; elative “ror 
approximately one-half across ^ foam 

ing rates, it would havrLerdesiLble d tn e ^ mi "\ h ! bitati ° n area heafc - 
sensors and/or heat flux rauces ble t0 h “ ve had a number of Delta I 

This was particularly truf for the habitation sensors . 

dome where Delta T's acrosss th P * n l . atLOn area sidewall and forward 
than 10°F. Foam insulation were generally less 

launch caused high temperltf * 0WS . raeteor °id shield during 

could reasonably be designed into thefnlf- 111 ° rblt beyond that which 
shield loss caused items such afthe fT T^^ 011 ran S e - The 
lockers and internal insulation to exceed their^ > ambie "t food storage 
and to exceed the range of assoc •Jaf-Ari * 4 - ir desi Sn- temperatures 

became necessary to approximate the insfcrumentation - Therefore, it 
the temperature instrumentation which' of items with 

ent that from data * iS a - Cpar ' 

Sun shade deployment when measurement wet Wk *? U aS after 

been highly desirable to provide temn.rlf b f k on ~ sca ^ it would have 

on the film vault and the ambient Sf T instrumentation directly 

these temperatures from waif td cfilf, rather than es timating 7 

wan and ceilmg measurements. 

and C7294 in closer proximitftfthef • f 6 Wardroom window sensor C7293 

allowed these sensors' ™ mot utfSlfd f element Would ba - 

of the window heater. Such an installation' the operation 

vrevjing considerations. installation, however, was precluded by 

for components except ofthe" 1ACS 'na!-/!? 1 ™ 161112111011 Was all °oated 
mission support expLitoe et ZTJ ‘ WaS a PP arent 
status of components such as Mm:' "B" sZtZmZkl** 6 ' tD , the ten >perature 
or reliability critical eompontts thft Iddf t 7* 0ther missi(m 

key locations would have been useful -for* * tlona - 1 - instrumentation at 
To establish the general elvLottt of the^Tf ,° f tr ° ab ^oting. 
temperature sensor at pp t a nM .. v * ^ward skirt, one additional 

invaluable. Th is 5 50 * !»““ ^ ba » 

temperature data could Lve been Led to ^ ?° 8 ! the F with the aft 
performance of the white fS-nrl h,* ? d to eva3 -uate the thermal 

retrorooket plume degradation It would affu pa * nt with and without 
have selected temperature mea^urSente on or f i been desirable to 

on typical mounting panels of differing pas^^S^wSgn. 
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srw&4"«*is Jsr^»^P»r-jK: 

aft skirt sensors C7189 and 7190 toeetw xrt mounted components. The 
C7261 and C7262 provided ^oU sensors 

maX status of all aft skirt mounted components aSSess «» ther- 

alljr located on SAS^panels’to^rovid^^l^^^^^ 61011 was strategic- 
“ gradients in support of Sfhtfid temper “ s cell temper- 
The selected locations and nuniers were adequate K^ 1 *: 

scheme were developed to^ccoun^fnr 3 ™ 6116 SyStem desi Sn and deployment 
up deployment, ground 

beam/ fairing and wine anf.r S 3 ctiermal deformation effect and 
normal operftion.^pKiiSlILS'S"* 1 ®- -Citrons. UnL ” 
would have been required. ^As it was witHh f instrumentation 
and the delayed SAS Wing Number 1 d!^i h h meteor °i d shield failure 

beam/fairing actuator/dfmpefaL tb P - yment) tem P erat ^c sensors on 

been extremely useful in determining W ° uld have 

contingency deployment. S fluid tem Peracure conditions for 




•ing from the Saturn S-IVB Retro-Rochef- 0 ^ 1 Desradatlon Result - 
AK), Report Ho. AEDC-TR-fie-S^ May 1966 G^taminante", 

“^r^ ***** Degrada- 

Report Ho. 11TRI-U6061-17? March 7, S 6 9 I“ s Wtute 

of^pacecraft Ther^f ^ ^ • R ‘ F " "^-Duration Exposure 

"Earth Albedo and Emitted Radiation", NASA SP-8067, July 1971 






SECTION V. GAS SUPPLY SYSTEM 


A. System Configuration 

1X161 ^ Gas Su PPly System configuration is shown in figure 5-1. 
caseous oxygen was stored in six cylindrical metal lined fiberglass 
tanks located on the Fixed Airlock Shroud. Gaseous nitrogen was 1 
stored in six spherical titanium tanks located in pairs on three of 
the ftfar AM trusses. A total of 6113 pounds of oxygen was loaded 
of which 5432 pounds were considered useable at specification limits. 
A total of 1630 pounds of nitrogen was loaded of which 1439 pounds 
were considered useable at specification limits. The oxygen tanks 

P ressuri -zed prelaunch to pressures ranging between 2978 and 3013 
PSIA with temperatures ranging from 67.7 to 71.6 deg. F. The nitro- 
§en 0 oQ nks were P ress urized prelaunch to pressures ranging from 2904 
to 2990 PSIA with temperatures ranging from 63.9 to 70.1 deg. F. 

The six O 2 tanks were connected into common tubing with check 
valves provided downstream of each tank to prevent loss from other 
tanks if one tank should leak. From the tanks, the 0 2 passed first 
through a common 10 micron absolute filter and then into two paral- 
lel latching solenoid valves. These solenoids could be onerated by 
ground command or by the crew. They were opened by ground command 
tor each mission pressurization and remained open until the begin- 
ning of each storage period. A bleed orifice was provided around 
e 5 W ° latc h Xn 6 solenoids to equalize the pressures on either side 
of the solenoids when closed to prevent high pressure oxygen surges 
when the valves were reopened. 


Downstream of the two latching solenoids was another orifice which 
limited the flow into the cluster to 5 lb /min. maximum in the event of 

an 1 ^ ternal hi S h Pressure line. The gas then flowed into 
, 120 PSIG regulator assembly which contained two parallel, redun- 

dant, shutoff toggle type valves, 120 PSIG regulators, relief valves 
and check valves. A 10 micron filter was also included at the inlet 
0. , assemfc) ly and was common to both parts. Each regulator was de- 

signed to provide 0 2 flow rates of 22.8 lb /hour minimum at a nominal 

°^ ut Su eS n Ure 0f 120±l0 PSXG with supply pressures of 300 to 3,000 
b r lA ' The °2 then passed through a heat exchanger on the exterior 
of the AM where the 0 2 was controlled to a temperature of 40 deg. F 
to 65 deg. F depending on AM cooling system loads. The Oo was then 

in f thrae pafchs * ^ fir st went into the 0 2 /N 2 Two-Gas Control 
System, described later in this section. The second went to the two 
parallel 0 2 fill solenoid valves which were used to supply 0o for 
MDA/AM pressurization, for 0WS pressurization, and for 0o partial pres- 
sure sensor calibration. The third path went to the three IVA quick 
disconnects located in the STS and to the four EVA quick disconnects 
located m the AM Lock Compartment. 














s ££ £*“'=‘■=“.‘1; suss a.- 

-£S^uk,t£1e 

topoff to as close as possible to 3,000 PSIa. O^ifLes wer" prodded 

flow toTlb/min* ?h“ le pressu rization system to limit the' maximum 
and se^vfd thf f -remaming four tanks were manifolded together 
f , h- u 2 cluster supply system as described below. The two 
tanks which were dedicated to M509/T020 topoff could be routed to the 
cluster supply system via manual shutoff valves if required. 

lute filtefanfth “IT tanl ‘ S paSSed thr ° u § h a 10 micron abso- 

were fnened w f parallel latching solenoid valves which 

° P ? ed whenever cluster pressurization was required and remained 

thrn d “ ring a ll. mat “-e d phases of the mission. Next the No passed 
through an orifice which limited the flow to 5 lb /min. in the event 

r5o l r r P re ° f an lnternal line - The N 2 then flowed to the 150 PSIG 

SftsTo?™ ft Whi ° h C ™ talned the same typa components as the 
__ nTlc a^I regulator assembly. However the N 2 relief valves were 
nnected to an overboard vent line whereas the On relief valves 
relieved into the cabin. Ihe regulator assembly (either regulator) 
as esigned to flow 22.8 Ib/hour minimum at 150 ± 10 PSIG outlet 
then snT t 7 Pressures of 300 to 3,000 PSIA. The N 2 gas 

Gas Control f°/ 1Ve ^ flrSt path went to the Oo/No Two- 

Control System, which is described in the following parai-aphs 

pressurization^ foTowS N2 fil1 ValTCS ’ “ P™v!ded for L/MDA 
' sensor calibre^ SKLET* 

lator which m^t ** ^ provided N 2 for the 5 psia N 2 regu- 

C&D/EMP Cooir ^ * Positive pressure on the EVA/IVA and ATM 

S ReServoirs - final path supplied 150 

M092 and also to LST35 PSK r^ul^ Supply , ex P erimenta “171 and 
ant for the OHS water supply tanks! supplxed N 2 pressur- 

control t 1 , ed P a eriC t0 ^ al pressure was maintained and composition was 
three 0 2 /N 2 

fittings . aU “* a raanual shutof f valve snd various lines and 

Total pressure was maintained at 5.0 ± 0.2 PSIA bv eithor ^ 

mained ndant P reSSUre regulators in the assembly. Both re- 

ained open. The regulator assembly had a flow capacity of 1 15 + n 1 5 

of 4°8 r to 5 I PS^ U8h „ eith f “ b0th circuits « oJtEt £££“ 
IL A , * Manual valves upstream of the cabin pressure 

egulators provided a means of shutting off the supply gas to either 


5-3 


f jr' ; * • ^ 


T.° r both re ^ lators * a warning alarm was set to trigger if the 
cabin pressure dropped to 4.6 ±.l PSIA. A rapid delta I Emergency 

PS^n?or S gr e aLr he "h 1 " began dr ° Pping at a rate ° f O' 1 

eith P ^ Sen Partial P ressure was sensed as a basis for supplying 

plied afLr r PO b pteSSUre regulators. Nitrogen was sup- 

plied after P0 2 reached the upper end of the control range and oxy- 
gen was supplied after P0 2 reached the lower end of the control 

tolerance^r+^f ;he , maximum 'f' ith ° f the controller band and a 
erance of ±34 for the sensor/amplifier, the cluster P0 9 could 

was in controlf “ d 3 maXimUm ° f 3 ‘ 9 PSIA when the 

pm)1 , I f ree sensor/amplifier, controller systems were provided. One 

in rese^ve S as f°£ a * other for ^itoring, and the third held 

m reserve as a backup for the other two. 

99-5 display sases were Provided on 0,/R, Control Panel 

curacy was ± 2.0 percent of full scale or ± 0.12 ^ lndlCator ac ~ 

con,-nn C ?L alarm C0Uld be lnitiated from cither the monitoring or ' 

of the iow M nSOr h at 3 n °^ n ^ P ° 2 ° f 3 -° 5 PSIA t0 warn *0 crew 

tb» ottr 1 'St ? cause of the system tolerances discussed above 

the C&W low P0 2 alarm point could be 2.81 to 3.28 PSIA (see figure 


Tha - *?? 1 . sensor used in the Two-Gas Control System was provided 

orotid“d 1 b fll8ht 1 Calibrati ° n Check ca P a hility. This capability was 
P . . y supplying a hinged P0 2 sensor calibration shroud and a 

vaive in the AM/MDA/ONS pressurization line to actuate either o/or 

sore h fl ia thS F ° 2 sensors - A reading equal to cabin total pres- 
should occur on the P0 2 meters while flowing pure 0 2 and a t ero 

b 1 a readlnS 3hould Qccur whlle flowing pure N 2 . The calibration 

tots° ™\ V ° Sit± rl dU b ri " S laUnCh S ° th3t iC a °veSd the P0 2 stn- 

of SL-2 ° Pen P° sition b y the crew during activation 

The Rio-Gas Control System was designed to be "fail-safe". Pure 
0 2 would have been supplied to maintain total pressure in tate of 
electrical power failure, most types of solenoid valve failures and 

nit?ottr° r i de8 M dat ?' 0n ' Redundant oxygen check valves, redundant 
nitrogen solenoid valves, and a nitrogen selector valve provided the 

gas fWd S tte r tthi fallUreS ° f £he V3lVinS that deter mined which 
s rxowca co the cabin pressure regulators. 





Figure 5-2. Control and Alarm Ranges for Two-Gas System 
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B. System Performance 
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, 2 * — D istribution System - The 120 * 10 PSIG f!25 + in pqtaI 

ss'SSr? ‘ .;™ 

in figure < 5-3 “ 2 regulator outlet pressures are shorn 

SKrTsT b si^r: fte 

s^ofser*- 

is' provided in ?abi; ll/TTres'uU^rth^ ^ b *“ COmPiled ^ 

system was not in control during much of the Skvllh t’ automatic 
.lority of the pressure oerc.r-w- " f th Skylab missions. The ma- 
and T020 and crew or u* Y ere CaUSed by experiments M509 

recover fr™ the^e^Ltr —^nt to prepare for or to 

formance°is provided £“g£ 5-5 

the required range. rl S ure ^ b . The ilow provided was well within 
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Figure 5-3b. SL-3 0* 2 Reg~&"N 2 Reg Outlet Pressure Profile 



o 


HBDfln 

BBBhiiaBBBBBBBI 


55gBlMiBgMwBBBH 


IIN 


III 


■HriB 


150 PSIG N 'REG 


120 PS IQ 0 2 REG 


3P0 324 328 332 335 340 344 348 352 355 350 35^ 


TIflE, DAY OF YEAR 


Figure 5~3c. SL~4 0 2 Reg & N« Reg Outlet Pressure Profile 
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Figure 5-4. Total Pressure History 
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Table 5.1 Events Which Perturbed the 

Automatic 0 /N 0 Control System 


EVENT 

CLUSTER LEAK (TRASH AIRLOCK) 
SL-2 EVA-1 (LOCK DEPRESS) 
CLUSTER LEAK (TRASH AIRLOCK) 

CSM POLYCHOKE FLOW (ORIFICE #1) 
CSM POLYCHOKE FLOW (ORIFICE #2) 
SL-2 EVA-2 (LOCK DEPRESS) 
CLUSTER LEAK (TRASH AIRLOCK) 
OPEN AM/0 2 FILL VALVES 
CLOSE AM/0 2 FILL VALVES 
CLUSTER LEAK (SAL) 

SL-3 EVA-1 (LOCK DEPRESS) 

M509 VENT #1 

M509 VENT #1 TERMINATED 

M509 VENT #2 

M509 VENT #2 TERMINATED 

SL-3 M509-1 PERFORMANCE 

M509 VENT //3 

M509 VENT #3 TERMINATED 

SL-3 M509-2 PERFORMANCE 

M509 VENT H 

CSM POLYCHOKE FLOW (ORIFICE #1) 

>1509 VENT //4 TERMINATED 

SL-3 M509-3 PERIL FIANCE 

M509 VENT #5 

OPEN AM/0 2 FILL VALVES 

CLOSE AM/0 2 FILL VALVES 

SL-3 T020-1 PERFORMANCE 

>509 VENT #5 TERMINATED 


TIME (DO Y: HR: MIN) * 

MISSION 

149:19:00 

SL-2 

158:15:15 

SL-2 

163:15:00 

SL-2 

166:21:00 

SL-2 

168:19:00 

SL-2 

170:10:45 

SL-2 

211:05:39 

SL-3 

211:09:58 

SL-3 

211:11:31 

SL-3 

217:07:00 

SL-3 

218:17:21 

SL-3 

222:15:30 

SL-3 

223:15:30 

SL-3 

224:18:00 

SL-3 

225:02:00 

SL-3 

225:14:15 

SL-3 

225:18:56 

SL-3 

226:11:00 

SL-3 

227:19:56 

SL-3 

228:18:00 

SL-3 

228:18:00 

SL-3 

229:03:06 

SL-3 

229:15:30 

SL-3 

230:14:00 

SL-3 

231:00:48 

SL-3 

231:02:30 

SL-3 

231:20:00 

SL-3 

232:19:30 

SL-3 
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Table 5.1 Events Which Perturbed the Automatic 
0 2 /N 2 Control System (Continued) 


EVENT 

OPEN AM/0 2 FILL VALVES 
CLOSE AM/0 2 FILL VALVES 
M509 VENT #6 
SL-3 M509-4 PERFORMANCE 
M509 VENT #6 TERMINATED 
M509 Vent #7 

TERMINATE CSM POLYCHOKE FLOW (#1) 
M509 VENT //7 TERMINATED 
SL-3 EVA-2 (LOCK DEPRESS) 

M509 VENT #8 

COMMAND AM/0 2 FILL VALVES OPEN 
SL-3 M509-5 PERFORMANCE 
OPEN AM/0 2 FILL VALVES 
CLOSE AM/0 2 FILL VALVES 
M509 VENT //8 TERMINATED 
SL-3 T020-1A PERFORMANCE 
OPEN AM/0 2 FILL VALVES 
CLOSE AM/0 2 FILL VALVES 
SL-3 M509-4 (2ND PERFORMANCE) 

OPEN AM/0 2 FILL VALVES 
CLOSE AM/0 2 FILL VALVES 
OPEN AM/0 2 FILL VALVES 
CLOSE AM/0 2 FILL VALVES 
OPEN AM/0 2 FILL VALVES 
CLOSE AM/0 2 FILL VALVES 
OPEN AM/0 2 FILL VALVES 
CLOSE AM/0 2 FILL VALVES 
OPEN AM/0 2 FILL VALVES 
CLOSE AM/0 2 FILL VALVES 


TIME(DOY:HR:MIN) 

MISSION 

232:21:44 

SL-3 

233:00:29 

SL-3 

233:02:00 

SL-3 

233:19:05 

SL-3 

233:23:29 

SL-3 

236:00:43 

SL-3 

236:02:36 

SL-3 

236:14:00 

SL-3 

236:16:15 

SL-3 

238:19:00 

SL-3 

238:19:00 

SL-3 

239:21:37 

SL-3 

240:00:04 

SL-3 

240:01:36 

SL-3 

240:14:00 

SL-3 

241:21:35 

SL-3 


243:01:12 

243:02:04 

243:18:00 

244:23:52 

245:00:57 

247:01:22 

247:02:28 

249:01:10 

249:02:35 

251:00:03 

251:01:10 

253:23:10 

254:00:13 


SL-3 

SL-3 

SL-3 

SL-3 

SL-3 

SL-3 

SL-3 

SL-3 

SL-3 

SL-3 

SL-3 

SL-3 

SL-3 


Table 5.1 


Events Which Perturbed the Automatic 


Control 

EVENT 

SL-3 T020-2 PERFORMANCE 
CLUSTER LEAK (WASTE PROCESSOR) 

SL-3 EVA-3 (LOCK DEPRESS) 

CLOSE N 2 FILL VALVES 
SL-4 EVA-1 (LOCK DEPRESS) 

CLUSTER LEAK (SAL VENT & REPRESS) 

CSM POLYCHOKE FLOW (ORIFICE #1) 

TERMINATE CSM POLYCHOKE FLOW (#1) 

SL-4 M5 09-1 C‘ PERFORMANCE 

OPEN AM/0 2 FILL VALVES 

CLOSE AM/0 2 FILL VALVES 

SL-4 M509-2 PERFORMANCE 

SL-4 M509-2C PERFORMANCE 

OPEN AM/0 2 FILL VALVES 

SL-4 EVA-2 (LOCK DEPRESS) 

SL-4 EVA-3 (LOCK DEPRESS) 

SL-4 T020-1 PERFORMANCE 
SL-4 M509-3C PERFORMANCE 
M509 VENT #9 
CLUSTER LEAK (-Z SAL) 

M509 VENT f 9 TERMINATED 
SL-4 M509-3P PERFORMANCE 
OPEN AM/0 2 FILL VALVES 
CLOSE AM/0 2 FILL VALVES 
SL-4 T020 

AM & 02 FILL VALVES OPEN 
AM & 02 .FILL VALVES CLOSED 


System (Continued) 


TIME (DOY : HR :MIN) 

MISSION 

256:20:55 

SL-3 

257:03:00 

SL-3 

265:11:18 

SL-3 

318:13:00 

SL-3 

326:17:37 

• 

SL-4 

329:23:00 

SL-4 

339:03:39 

SL-4 

340:02:00 

SL-4 

349:21:36 

SL-4 

351:21:58 

SL-4 

351:22:51 

SL-4 

354:23:00 

SL-4 

357:17:00 

SL-4 

358:21:04 

SL-4 

359:16:44 

SL-4 

363:17:23 

SL-4 

015:16:00 

SL-4 

017:20:00 

SL-4 

019:13:09 

SL-4 

019:14:00 

SL-4 

019:23:37 

SL-4 

020:23:00 

SL-4’ 

022:12:05 

SL-4 

022:13:18 

SL-4 

024:12:00 

SL-4 

025:00:00 

SL-4 

025:00:45 

SL-4 
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Table 5.1 Events Which Perturbed the Automatic 
°2 /N 2 Contro1 System (Concluded) 


EVENT 

TIME (DOY : HR : MIN) 

MISSION 

AM & 0 2 FILL VALVES OPEN 

027:00:27 

SL-4 

AM & 0 2 FILL VALVES CLOSED 

027:01:56 

SL-4 

AM & 0 2 FILL VALVES OPEN 

029:20:42 

SL-4 

AM & 0 2 FILL VALVES CLOSED 

029:21:40 

SL-4 

CLUSTER LEAK (WMC VENT) 

030:10:00 

SL-4 

AM & 0 2 FILL VALVES OPEN 

031:00:13 

SL-4 

AM & 0 2 FILL VALVES CLOSED 

031:01:19 

SL-4 

SL-4 EVA-4 (AM DEPRESS) 

034:15:13 

SL-4 

SL-4 M509-FSA 

036:02:13 

SL-4 

SL-4 M509-FSB 

036:03:39 

SL-4 

AM & 0 2 FILL VALVES OPEN 

037:02:15 

SL-4 

AM & 0 2 FILL VALVES CLOSED 

037:03:15 

SL-4 
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Figure 5-5. Cabin Pressure Regulator Control Characteristics 










was P^vidS S XrthrLo!garcontroi r01 ! ithin the 3 - 6 ±-3 PSIA l imit 
cluster balance. The above mpnf . system was in Control of the 
tions during EVA and XVA operations' eXp ^ ri ^ ents well as 0 2 addi- 
slightly on occasion. A summary of 0 ^ llmifcs to be violated 

provided in figure 5-6. During SL-2 thli 1 pressure hi story is 
trol band was 3.46 PSIA rhf L 2 ^ lower limit of the Po 9 con- 

SL-4 M509/T020 experiment's perturbated'the ^ 3 ' 67 ’ s£-3 and' 

clently such that the control band rlnn , , " atmosphere suffi- 
on telemetry (TM) sensor oTpartifl n0t ^ ** - £ ™ ined * A check 
the experiment M171 mass spectrometer ?Hp 6 T^ 28 were Provided by 

the data are provided in figure 5-7. ‘ T values compared veil, and 

4 ‘ Qg/N2 _Gonsumable Us a g p _ Figure* s « Q . . _ 
gen and nitrogen consumables USa p P r,? ^ and 5 ~ 9 P re sent the oxy- 

Table 5.2 present, a oTKdivM T ^ Sk * lab “on. 7 

sion, depicting how much of thf 0 ? and US ? g !r S f ° r each mis - 

be seen, 0 2 and N 2 consumables were more than ***' As can 

able quantity of gas remained after ”4'““ "* a ctm “- 

psunds of'S^SS f diCaCed that 5 ’ 611 

(based upon 300 PSIA and 0 dev F 5 u ? unds would be residual 
load of 4,930 pounds. To conduct a n'l lea ™8 3 usabld 

02 would be required leaving a usable mi8Sion ’ 3,865 pounds of 

of SL-4. The pre-flight dnte -fna* r ® ln 1065 pounds at the end 

loaded before liftoff. Based on the^ n U3 pounds of °2 hc.d been 

during the flight, the residual' 0 2 ItlXl ' te “ b ”e seen 
usable onboard at lift-off 0 f 5461 « °? PSIA ^ was 652 pounds leaving 

used during the mission was 3437 l !"" . Th * t0tal amount of On 
2024 pounds at the end of SL-4. 10Unds ’ leav iug a usable margin of 2 

ind 1 i rr d that ^li S pounds C of“2 would r be e i tS d f d r ^ nltrogen system 
would be residual (based upon 300 P5M and ° f Which 191 P° unds 

leavxng a usable load of 1324) „„ 5 IA d 0 de ®' F ln each bottle) 

770 pounds of n 2 would^ be ^required i e C ° ndUCt a “ al “on, 
pounds of N 2 at the end of SL-4 i)/ 3 USable mar S in of 550 

total of 1630 pounds of N 2 had^een L^Tbe 8 ^ indicated «« a 
the average N 2 tank temperatures seen durl 5” ' Based °n 

N2 (at 300 PSIA) was 177 pounds leaving fllght ’ the residual 

984 4 ! ?° UndS ’ The totad amount of No use dT ° nb ° ard at liftoff 

Pounds, l eaving a usable margln Qf 4fi9 po — f c bb -iss^ wa_s^ 

”2 - "'02 «- 119 pounds of ' 

-tures in orbit the residual £“^*“5 =fa^th e^ 
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Figure 5-6b. SL-3 Partial Pressure of Oxygen Profile 
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Figure 5~6c. SL~4 Partial Pressure of Oxygen Profile 
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Table 5.2 ^ 2^2 ^ OIlsuina frl es Summary 


TOTAL GAS LOADED 
TOTAL GAS USED 

TOTAL GAS REMAINING 
TOTAL NON-USEABLE 


°2 

6113 

3437 


2676 

652 


h 

1630 

984 


646 

177 



| SL-2 

SL 

-3 

SL-4 

TOTAL 


°2 

N 2 

°2 

N 2 

°2 

N 2 

°2 

N 2 

PRESSURIZATION 

257 


222 

45 

246 

12 

725 

57 

SL-1 PURGES 

254 

329 





254 

329 

GYRO 6-PACK PRESS. 





30 

159 

30 

159 

METABOLIC 

146 


324 


456 


926 


EVA 

101 


284 


420 


805 


EVA REPRESSURIZATION 

11 

4 

17 

6 

23 

8 

51 

18 

LEAKAGE (STRUCTURAL, 
MOLECULAR SIEVE, 
MISCELLANEOUS) 

126 

61 

221 

109 

274 

165 

621 

335 

M509 VENTS 



171 

82 

S 

4 

179 

86 

-CSM POLYCHOKE 

-77 


-68 


-9 


-154 


TOTAL 

818 

394 

1171 

242 

1448 

348 

3437 

984 


TOTAL USEABLE REMAIN- 
ING AFTER SL-4 


2024 


469 
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u^h 1 d rno N2 /«, redUC f by 14 P0UndS> resultin S in an increase of 
usable 0 2 of 531 pounds and an increase of usable N 2 of 133 pounds. 

; The flight data showed that 428 less pounds of 0 2 were used 
than originally allowed, even though the duration of t'he mission was 
extended over a month. The data also showed that 214 more pounds of 
N 2 were used than originally planned. The major differences between 
preflxght specification usage and actual flight usage were due to the 
extra 0 2 and N 2> gas used for purging on SL-2 and the smaller flight 
leakage. The differences are discussed in more detail in the fol- 
lowing paragraphs . 


a. Pressurization - A total of 745 pounds of On and 98 
pounds of N 2 was allocated for three pressurizations of the Orbital 
Assembly. A total of 725 pounds of 0 9 and 57 pounds of No were ac- 
tually used. “ z 

. t , k* Purges - Due to the purge requirements brought about 

by the high temperatures on the OWS during SL-1, an extra 254 pounds of 

Vct O ; pounds of N 2 were expended during the 10 days between SL-1 
and SL-2 launches. Since this was caused by an anomaly, none of this 
had been allocated in the preflight requirements. 

c. Gyro 6-Pack Pressurization - In order to provide coolin* 
to the rate gyro 6-pack during the SL-3/SL-4 storage period the cluster 

::*TT ri2ed W J th N 2 tQ 5 ‘° PSIA ^ after first being vented to 2.0 
PSIA to dry out the atmosphere) . In the middle of the storage period 
the cluster was pressurized back up to 4.5 PSIA with 0 2 after leaking 
down to 4.0 PSIA. This required an extra 30 pounds of 0 2 and an extra 
159 pounds of N 2 . 

’ , 1 d * Metabolic - A total of 828 pounds of 0 2 was allocated to 

metabolic requirements (based on a usage rate of 2 pounds per man-day 
tor 138 days). Prefli&ht analyses showed that for the average Skylab 
metabolic rate of about 440 Btu/hour, 1.84 pounds of 0 2 would be re- 
quired per man-day. The manned mission (MDA hatch opening to closing) 
was extended to a total of about 168 days and the total metabolic 
oxygen used was approximately 926 pounds. 

EVA " A total of 351 pounds of 0 2 was allocated for 6 
EVAs lasting a total of 19.5 hours. There were actually 9 EVAs last- 

thf EVAs tal ° f ab ° Ut 42,5 h ° UrS and 805 P ° Utlds of °2 Were «sed during 

, , __ Airlock Repressurization - A total of 34 pounds of 0o 

and 1*. pounds of N 2 was allocated to replace the atmosphere vented 
overboard for each EVA. Three more EVAs than planned were performed 
increasing the total gas used to 51 pounds of 0 2 and 18 pounds of N 2 ! 
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iments oAhe^ISO^atmosph^c man SL ~ 4 f ° ldowin S the M509/T020 exper- 
to the atmosphere, the cabin nre.,/ 86 " 1 ? hen ° 2 Was added “dually 
periods bf time. Durin reS “ lator be off for long 

amounts of gas being added to the^tmn’ Z*™ W< ? Uld bS ° nly Very minor 
calculate the total amount □ ? 1 f tm0Sphere and ^ ™b possible to 
Figure 5-10 presents a tunica! ® T", g Ule Cluster Sphere, 
during one of the period^ There°^re the . dacl “ e °f Pressure 

rate Zt irZZtZlZVZZtZ 01 T per ^ 

the cabin pressure regulator w^off t ther e P we« d stillTtr r ’ ^ th ° Ugh 

ZT^ZIZJT si T 

on the average and this f ? ? pound a da y during the mission 

MxSS = ' ~ SUOXSTG *■ 

r- 

5.52 pounds per day leaving 5 9 « 2 “V already been animated at 
Sieve dumps Ld miscellaneous iosse^” 3 P “ ^ f ° r leakaga > 

Xete clus^ rl L\ki^~u\^s St ?S\L eri : dS “ P ° SSlble t0 caldp - 
slightly. During the stow n / storage periods differed 

°f -25 + 0.1 lb/day at 2.0 PSI r 'T f" 2 and . SL “3 a leak rate 
of about 1.56 + .62 lb /dav at nominal Aaulated res ulting in a leak rate 
However, data were clouded durin^M* f 0nditions < 5 PSIA) . 

fects of the high beta angle During by the tem P erat ores af- 

and SL~4 a much better leakage nrofifo 8t °lf a ? e P eriod between SL-3 
leakage was calculated to be approxiLtely ^GS^W 1 and _ the cluster 
cluster conditions (5 PSIA) ?L rSTifl? 2 * 68 ?* b/day for n °^inal 
leakage and molecular «■»!,; , leakage, the docked MDA port 

^ s totr- 

noous dump T s he dur^g tZ ZTsiZZlfeT^ZZ ol^ 

of N 2 were * expendec^due ^unDlann^ 179 P ° UndS ° f ° 2 and 86 pounds 
through the wardroom and BMC dLp probefto^id^n* 161 ' at T osphere 
pressure and 0 2 partial pressure V managing the total 

time between M509/T020 performances to allow 1 ' 63 ' 338 ?’? S ? nCe there Was not 
cabin pressure regulator tn t- • *.» normal leakage and the 

and total pressure within normal limits! C ° 2 partial P re ssure 
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pnw 1# ; SM Pol ychoke 02 - About 154 pounds of oxygen from the 

been TY T & i ^ cXuster atmosphere. None of this amount had 

included m pref light allocations, even though it had been known 
that some 0 2 from the CSMs would be available. 

5^ 150_PSIG_N 2 Regulator Ou tlet Pressure Decreased - During 

1Y’ Xt WaS notGd that the 150 PSIG regulator outlet pressure (D205) 

on D0Y C 165 S1 fp'F had dropped from 160 PSIA on DOY 14 S to 140 PSIA 

bn-h w 6 1 (R ? fereilCe flgure 5_3) ‘ 0n D0Y 167 crew verified that 

readine ValVeS W6re ° pen and the onb ° ard meter was 

1* till 8 i 4 ° Telemetry also read approximately 140 PSIA. No 

the M ^ decease was seen during the first manned mission. When 
the Mole Sieve was deactivated on DOY 173 the outlet pressure began 

stream^the "“i PSIA ’° y °° Y 176 at which time lines d °™- 
scream of the regulator were vented to 4 PSIA. 

158 PsL SL ~L a D0Y V 21 t R°rh (D ° Y 2 ° 9) Y Hz re S ulator outlet (P205) was 
« PSIA. ^ By DOY 218 the pressure had dropped to 150 PSIA. The nres- 

sure continued to drift downward until it was 141 PSIA on DOY 236 ? 

~- EVA ° n ?° Y 236 thS pressure increased to 145 PSIA. The reason 

day hlS 13 Unkn °' ra * The P ressure decreased to 141 PSIA the following 


terminatia8 the n 2 regulator flow had somehow restored the 

to!lYi at ^ ° f SL ' 2 ’ ife waB decided t0 c ^se one regu! 

lator toggle valve and leave it closed for five days in an attempt to 

Five^r tde ; 0utlet P^ssure. 0 n DOY 237 toggle valve A was closed 
Five days later on DOY 242 the regulator outlet pressure was 140 "sk 
At that time, toggle valve A was opened and toggle valve B was closed’ 

B^DOY^frR T t±e i pre f SU o S immediatel y ^creased to 155.5 PSIA. 

, 47 j, 5 dayS ] atev ) D205 had decreased to 151 PSIA. Toggle valve 

Y , C °f d . an B opened * The regulator outlet pressurl fell 

mediately to 148 PSIA. Five days later (DOY 252) the outlet pressure 

decreased to 145 PSIA. Toggle valve B was closed and toggle valve 

Hl r/Y Y the pressure increased to 155.5 PSIA. It waf decided 
lac rather than switch toggle valves every 5 days, they would be 

liter outlet 11 thS N2 regalator outlGt pressure approached the 0 2 regu- 
tor outlet pressure. .By deactivation (DOY 268) the pressure had de- 

utnt ed , ? Y PSIA * When the Mole Sieve Su PP 1 y was c l° s ed the regu- 
lator outlet pressure increased to 165 PSIA. 8 

0 At f 1-3 deactivation, both toggles A&B were opened per procedure 

driftef^ S ° len °j ds were closed and regulator pressure slowly ’ 
drifted down as .he system leaked during storage. The toggle valve 

figuration was not changed during SL-4 activation. On DOY 326 

%7llr^ a la l ° Sed ' By D ° Y 352 the P^sore had drifted only 

Y 155 ^ SIA 1 t0 X ^ B P ^ IA * 0n this day the crew inadvertently closed 
the open toggle valve (B) . When they reconfigured the system they 


opened A. The pressure went up to 160 PSIA tw nnv nnq 

had drifted to ISO pqta v , * By D0Y 005 the Pressure 

I7v and the end of the mission (DOY 039) the 
pressure was still 150 PSIA. ' cne 

addition a !r e ^ h f 0n0l °sy describes the onboard troubleshooting, m 
teStS WEre run t0 tr y “d duplicate the regulator 
characteristics. These included low demand and moisture tests but 
the symptoms were not reproduced. The reason ’ 

regulator pressure has not been established. The 0 2 regulator ilf 1 ^ 
mechanically very similar hnt did not display these^rilt c^racferis- 

as Lh!*l. ^ y ' gen . B ° ttle ^ Temperature ” Four times during the mission 
its qualification "umitfof 

324^^^225 °p C on d D0Y 8 0l7° n f? Y 176 ’ * 7 °° F ° n °° Y ^l^F^DOY 

a , 225 * on D0Y 017 • Figure 5-11 shows bottle #6 temperature* 

s sa 

Sun during Solar Inertial Attitude). C+Z t0Ward 

lowing: Ve ‘ Stigati ° n ±ndicated that no V*oblem existed based on the fol- 


a ^ T:ie glass resin system is cured at 320 deg. F three 
times fo • one aay durations. S 6 

svsfB „ = J 8) The manufacturer had tested tanks with the same resin 
for 5?000 times ® SS “ 275 deg ‘ F ’ cyclin S °- 3000 for 

was proof ( tLte T d he t“o m psiA^ ^ ““ 24 °° PSIA ’ and tank 

(d) "? Pressure cycling of tank #6 occurred. (Cycling is 

worse case condition for tank fatigue). 7 S 
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SECTION VI. 


SKYLAB PRESSURIZATION/DEPRESSURIZATION 
A. Configuration 


i^depicted £ 

-«-‘of J ^ a S^r^Er^S" li r : - 1 ^\ vent *«- — 

penetrating the waste tank 180 ’degrees ap^t ?□ lly actuated caps, 
propulsive venting. At the n “ *1 ? Lo achleve non- 

matic actuators released the can renting, two redundant pneu- 

the switch selector c P n t- 1 , arT:er orbital insertion, 

vents could not be closed Threp nr« c opened, Lhe waste tank 
*“* were used to “ 

source fof(" the Owfwatef V “ t *? “ provlded a vacuum 
washcloth squeezer oner at ions ^ y ®^ mact nation, deactivation, and 

s n?ss:' - 

ste tank are shown on figures 6-2 and 6-3. 

* lhe LBNP originally vented overboard but the SL-4 

™^5S2 USS.lttZX “*• 

:s.fL?r Si-S 

for a reduced relief setting! Th^ P ° n , Saturn S_IVB eXCept 

K^rSu^ h f itafc i° n ^rea'durLrLun^rfnd S^Jco- 

orifice T? “ an oritice P iate at the forward skirt? The 
wL no^ropuLr::? 18 ° de8reeS apart s ° <=>»‘ venting 
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Note: Line from LBNP to waste 
tank was added by SL-4 
crew. 
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Figure 6—3. OWS Vacuum Subsystems 








operated function °f the pneumatic valves was 

perated by the ID command system through the OWS switch selector 

“ 2 actuation control module. The OWS initial venting se! 

quence was set up to provide at least 22 PSIA in the habitation 
rea at max. q (maximum dynamic pressure) and to protect the habita- 

vent Kilurelt lift tfS“ "" ° f “ WaSte tank 

mended open by the XD°* 2*^1^ St Iff ^ 

Ztr^\^T ±0na T Were USed t0 monitor ' performance^ Ithe 
Ptrv ^ ■ Open / close indicators were also available via telem- 

in the nnen^r ™ V& P osit i° n ‘ A sealing device was installed 
tion pneulnatlc veat P°rt by the SL-2 crew during cluster activa- 


by the U AM Dcl^Thel^t SS C ° Uld be commanded °Peo or closed 
y the AM DCS. The port for the solenoid valves could be covered 

with a sealing device during habitation periods. At termination 

vfnS thS solenoid vent va lves were commanded open to 

vent from 5 PSIA to 2 PSIA to prevent condensation during storage. 

Tw ° P ressure sensors in the habitation area were used to 
cWd pe ,f formance of tha vent system when the OWS hatch was 
closed. When the OWS hatch was open seven sensors in the cluster 
were availabie. Open/close indicators were available to monitor 
valve positions via telemetry. 

„„„ ?* — ? Check and Equalization Valves - Redundant check valves 

iocated in the OWS hatch to prevent the AM aft lock compart- 1 
ment Pressure from exceeding the OWS habitation area pressure by 

from evl V PSID- The CheCk valves Protected the forward dome 
fton awwlv. reverse pressure during pre-launch and the ini tial 
orbital pressurization sequences. An equalization valve was 

initH °P ened t0 equalize pressure between the AM and OWS during 
initial activation and for each EVA. ° 

5 ‘ ^fflA/AM Hatch Equaliza tion Valves - An equalization valve 

7n\Z^Y^r\? hatches and one l^d 

on the EVA hatch. These valves provided the capability to manuallv 

evacuate the lock compartment prior to EVA and then, in coni unction 

tunned T ^ eqUalizatioa valve, equalize the’prlssure L the 

hateh^al l0nS af ^ er J cora P letion the EVA activities. The internal 

and nrZ 1Ve ® < T aUZed pressure between AM compartments during ascent 

1 thl^A w1°" PeriGdS - E< I ualiza tion valves were also provided 

prior to MDA 3 hatrh’ ° ne . of " hich was used to equalize MDA/CSM pressure 
prior to MDA hatch opening for each mission. 


- 6 * .gab in Pr essure Relief v a i ,m, ^ ™ 

valve assemblies were located in the AM T1 J? Cabln pressure relief 
each in the aft, forward and llw AM ’ There was one valve assembly 
relief valves was to eliminate the oossih , ^Purpose of these 
tion. The maximum total pressure was H ° f catin °verpressuriza- 

PSIA within the limits o these valves *> 5.65 

cabin relief valve assembly in the CM which . There was also a 

approximately 6.2 PSIA pLt, ? which was designed to open at 

valves in parallel. tanaT^^ tWO Pressure relief 

both assemblies. 1 P rovisi ons were also available on 

4-inch motor^^^dViif 5 ^ !l~ 1,16 vent valves consisted of two 

provided a means of vent Z S tlZ mTT ? SerieS ' The valves 
*nd the initial phase ^ V”'" 5 “<«t, 

valves provided a redundant capahilitv f! series arrangement of the 
before the MDA vented to hard vacuJi Se valT the Valves closed 
launch and were closed by iu automatic sen.,1 ^ eS T ere °P ened Prior to 
seconds after lift off. quencxng during ascent at 288 


position and four pressure sensors in the mA/AM A VeILt Valve 

performance. A sealing device was ^ USed to mon itor 

during SL-2 activation. installed on the MDA vent valves port 

was located~^n~the~AirTock^a^ 7 The Pressurization system (figure 5-1) 
valves and intercon^ng flofli^ “T? ° f f °“ r Sat * oTsoImI 
trolled through the AM DCS or manually operate^ 3 C £ UM h& ground COn -' 
system allowed the MDA/AM/OWS to be^Lssurized 7 ** * Stronauts * This 
with 0 2 or N 2 or an 0 2 /N? mixture f 1 a Unit or se P a ^ately 

" “a * a . 


irtucrormance 

Ware d ^i ^ - V wL\ft^ pressure^ *“* ^ SyStem requirements 
after orbital insertion and f-wL^ to near vacuum conditions 

the waste tank to allow for waste co^p P M Vlde contlnuous venting of 
tion was normal and close to predictions- a°^hn tank vent opera ~ 

waste tank pressure had decreased to 02 till IT flSUre 6 ~ 4 ‘ The 
release. All dumps into the waste taifd, L ft? / fte vent Cap 
the mission were successfully completed 8 the manned portion of 


PRESSURE - PSIA 


Vent caps open 

Liftoff (17:39:55) 




the triDle t rn?^ deSired t0 ” aintain the waste tank Pressure below 
the triple point pressure of water in order to preclude free wa*-er 

fontamr n ?- Vent ? d ° verboard ’ foxing ice crystals and thereby causing 
tll * of the °P tical environment surrounding Skylab/ On S 

fnnb occasion ® waste ta nk pressure sensor D7106 indicated that the 
tank pressure had exceeded the triple point pressure. The events 
which produced the high pressure indications were: (1) SL-2 

activation, wardroom chiller purge (figure 6-5), DOY 147:16:20; ‘ 

and (3) “ n enaate holdin S tank dump (figure 6-6), DOY 167:15 :50; 

^ Sb 3 ’ troubleshooting of waste management compartment 
““ dump heater probe assembly (figure 6-7), DOY 242:18:35. On 

sure sensor C (nn 03 ? the waa ^ processor exhaust pres- 

re sensor (D7103) , which also records waste tank pressure an- 

proache" but did not exceed the triple point pressure. Howver 

this sensor was located m a line upstream of the waste tank and 

^rmo6 at Mth y Sl r r reSp0nSe than the tank 

ensor, D7106. Although some uncertainty exists due to sensor in- 

triplHoint 13 Pr ° bable that tht actually exceeded the 

obse^ed d - Pre ^ Ure ' evidence of optical contamination was 
observed during the specified time- period. 

vaU I ab . ^-fcation Area Vent Val ve-System - The habitation area vent 
lve system operated normally and achieved all system requirements 
sHtaTtte Lief protection was provided during pre-launch and launch 
so that the maximum pressure of 26 PSIA was not exceeded. These re- 

tion n0t CraCk dUrinS P r °- launch launch. The habita- 

tion area pressure at max. q was 22.78 PSIA which was above the 

minimum level of 22 PSIA. The habitation area vent was nominal and 
close to predictions as shown on figure 6-8. The pressure at the end 
^., h . , was 1 . 13 PSIA as compared to the predicted value of 93 

SIA at valve closure. It was required that the pressure control 
system pneumatic sphere be vented to approximately 35 PSIA after 

o 1 hr^r,°^. the SyStem WaS com P lete t0 P^vent inadvertent opening 
of the habitation area pneumatic vent valves and for astronaut safety 

The pneumatic sphere vent was nominal as shown on figure 6-9. The 7 * 

habitation area vent system performance achieved all requirements and 
was close to pre-flight predictions. requirements and 

.?* So^no id Vent Valve System - The system requirement was to 

tendefth TtT t0 / ent thS ClUSter by ground c ™“ d - It was in- 
tended that the primary use of this system would be to perform the 

pre-s °rage blowdown at the end of each mission. Loss of the 

meteoroid shield during boost caused high OWS temperatures with 

suspected offgassing of contaminants from the OWS polyurethane 

toanu A vent/repressurization scheme utilizing the solenoid vent 

valves to vent was initiated to purge the OWS habitation area of 

ese contaminants prior to SL-2 crew entry. Five vent/repress 
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WASTE TANK PRESSURE (D7106) - PSIA 




WASTE TANK PRESSURE' (D7105) - PSIA 
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Figure 6-6. Condensate Holding Tank Dump 




WASTE TANK PRESSURE (D71.06) - PSIA 



242:1800 1900 2000 2100 2200 2300 243:0000 0100 0200! 0300 040( 

TIME - HRS. 


Figure 6-7. SL-3 Waste Tank Pressure During Troubleshooting' 
of the WMC Water Dump Heated Probe Assembly 


Liftoff 


30 


Valves open 
(17:33:25) 








PRESSURE - PSIA 


i ““Pneumatic dump valve 
- T °Pen (22:52:00) 
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Legend: 

Predicted, isothermal 
Predicted, adiabatic 
0 Flight data (D7113) 


Pneumatic dump valve 
closed (01:45:00) 


135:00:00 

TIME - HOURS :MINUTES 
Figure 6-9. Pneumatic Sphere Operation 


sequences were accomplished between DOY 138 and DOY 

Purpose. This vent sequence - s depi J d ^ 8 th “ 

was terminated^ (until ^ ^ S ° len ° id Valve venting 

It appeared that a vehicle ™ S . aVaUable) 

propulsive pffp^i- ♦.! ' concI ition was being caused by the 

the P vL\ 1V : a : f no e "c 1 g e ^ehi^oV* T ^ ^ 

tern was designed to he 'on-pr^pulsive C °" dlt — *■« vent sys- 
it was observed Cy ‘ lES precedin S SL-2 launch, 

ssvss! S-^‘£ IS r f ' s 

“ -'"“S't'S n“ E ’Sf 

•r-- - ».«. ~-.S“ 2™ . " r,f - 2r **" *;“ 

shown below: 5 carried out at 162:13:26 as 

• n‘ T T V M VeS l a u d 2> 3 and 4 °P ened - *rew noted 
flow through the valves. 

2. Valves 1 and 3 closed - No flow was noted by the 
crew and valve 1 and 3 discrete showed closed. 

Valves 2 and 4 closed - No fLow was noted by the 
urew and valve 2 and 4 discrete showed closed, 

mechanical lyk fa iled^pen^^lve ”s ^ microswitc >* »r a 

noid vent vllves durina SL^/ V4 Subaaque ” t operation of the sole- 
not occur again! 8 SL_2/3/4 were n °™al ™d this anomaly did 
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PRESSURE - PSIA 


* - „■ 




Crew er 







PRESSURE - PSIA 


V, 


— Preflight predictions C p A 
O SL-2 flight data (D0002) 
A SL-3 flight data (D0002) 
O SL-4 flight data (D0002) 


TIME - HOURS 


Figure 6-12. Pre-Ctorage Blowdown Using Solenoid Vent Valves 








valve perf^rTnance^afr LisLft^ 11 ^^ 011 Valves ~ Equalization 

leak occurred through the hatch^heck^afvef ^hif 1*^' A 
cussed xn Section VI. C. ' aives. This leak is dis- 

' Performance of the 

satisfactory throughout all missions tS^Lam^ 6 ^ 1 hatch Was 
used. A detailed discussion of the * L ft m hatch was not 

surizations prior to m S for S the S Skvlab ° f ^ AL/AFT m de P res - 
TO f s were performed includL^L on SL^ 53 ^ 113 - A t0tal ° f nine 
on SL-4. The snl -.m 8 SL-2, three on SL-3, and four 

based on an ef fttt^^ToV ^fin^V band, 
than the preflight band -><? t u 0 ln * * Lyin S slight.lv highe 

«w. (Although not ^nongh d^t™* of EVA #2 o n S 

down for EVA #1 on SL-2 enounh Aai-l d t0 delude the blow- 

both vents on SL-2 were ’essentially th^me) Ih/ 0 indiCate that 
tive vent area for the Look Denress J ’ . The a PP aren t effec- 
ting both lock blowdowns tS crew Sa ab ° u£ °' 9 ^- 2 °n SL-i 

On the screen immediately over the valve^Tf' 1 Xdlng occurred 

one-third to one-half of the <= valve, it was estimated that 

end of the vent It J, ^ ^ covered b y ice aa ar the 

resulted in blockage oTthT^fareT «“ that tbda 

vided which "uir^ e p 1: d e S y ^ h fro f nt S of C th: »«>- 

the Lock Depress Valve Tpp , . f fc le flrst screen over 

and, at the appropriate time the ^ f0m ° n the nSW screen 

could be removed. Th^s would l SCreen and a11 o{f the ^ 

tiona! screen wo^d Lip " p r ^ent1 f? adv ftages. The addi- 
valve and possibly dama^inp the i being blown into the 

simple and safLmeans ol rLo, 56 ^ W ° uld also P^vide a 

blowdowns, the crew had to relLn T' < DurSn S the first two 
the blowdown.) 7 U knocklIl 8 the ice away to complete 

blowdowns ^wer ^accomplished usinglt^ With'tL exceL 1 ***? 

slower blowdown during EVA #2 on SL-4 3’ ncluded a 

down on EVA #4 on SL-4 Ent-h * ^ aad a sli ghtiy faster blow- 

Which a wate leak inLhe SWS ill T* the WAs during 

..... ....... "IS" 1 
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PRESSURE - PSIA 



SL-2 EVA n 
SL-4 EVA #2 
SL-4 EVA #4 


SL-3 EVA n 
SL-3 EVA #3 
SL-4 EVA #1 
SL-4 EVA #3 


Not sufficient data 
SL-2 EVA #1 
SL-3 EVA #1 


3 4 5 6 

TIME FROM OPENING OF LOCK OEPRESS VALVE - MINUTES 



Figure 6-13. Skylab EVA Airlock Blowdown Sundry 


slower blowdown for EVA #2 on SL-4 due to additional icing over 

However . ^ is also possible that debris being blown 
have VhT’-°‘ 2 partiall y °P en ^pressurization valve could 
Evl /M d c, “ Creased time. The faster blowdown seen on 

EVA #4 during SL-4 could have been due to less ice being formed on 

tion °^. a sll -8 htl y different position of the depressuriza- 

it Lr e '-n th£ depressurization valve is a manual valve, 
it was possible that the valve could be put in a slightly different 
position each time it was used. 8 7 aiti:eren t 


. Ev f n thou S h the blowdown of the AL/AFT AM took slightly 
mcjre time than planned during preflight, all depressurizations 
were performed satisfactorily. 

6 \ gak in Pressure Relief Valves - The aft AM cabin pres- 

on r nnv S i 7 ef J alve . cracked and reseated twice during SL-4, once 
on DOY 17 and again on DOY 21 (at approximately 5.7 PSIA) while 

^U^thre 6 :^ 1509 !" 3 ? be , lnS Perf0rmed ‘ N °™ al P-cedure wis to close 
use the CM 1 7 t0 the P erfo ™ance of M5J9 and 

AM reiLfVi 1 f Va3 ?* u° prevent overpressurization. The aft 
relief valve manual shutoff was inadvertently left open. 

e 1' IgA Vent Valve System - The MDA vent valves operated 

?RR r3 i y ‘ / he vslves . were 0 P e ned prelaunch and were closed 
Th P sec °nds after SL-1 liftoff at an MDA pressure of 1.3 PSIA. 
The valves were required to maintain the differential pressure 

of oreflivht™ 4 date ^ ior and ambient below 6.2 PSXD. A comparison 
figure ^6-1^ predlctlons and flight performance is provided in 


, Pr essurization System - The pressurization system per- 

formed normally and satisfied all performance requirements. In 
addition to pressurizing the Skylab prior to SL-2/3/4 activation 
his system was utilized for atmospheric management associated 
ith Experiments M509 and T020 as summarized in Tablr, 5.1 and pro- 
vided required pressure adjustments during storage periods. A 
comparison of 02 and N 2 flow rates is shorn below in Table 6.1. 


As shown by this table the calculated in-flight 0 o flow 
rate x*as slightly below pre-flight values while the in-flight No 
values were scattered around pre-flight calculated values, but 
less than pre-flight check-out values. The difference between 
m-. ,_ight and pre-flight was not significant and the difference 
was within the accuracy of calculation techniques. An SL-4 calcu- 
lated pressurization profile with superimposed flight data is 
shown on figure 6-15. 
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Figure 6-15, SL~4 Pressurization Profile 




Table 6.1. Pressurization System Flow Rates 


°2 Flow, lb /Hour N 2 Flow, lb/Hour 


1. PRE-FLIGHT 
(CALCULATED) 

2. PRE-FLIGHT 
(MEASURED AT MDAC-ED 
CHECK-OUT) 

3. IN FLIGHT 
(CALCULATED) 


22.65 


22.24 


20.5 - 21.67 


8.10 


5.41 - 7.65 


C. Anomaly - OWS Hatch Check Valve Leakage 

During OWS pressurization on DOY 135, tlie MDA/AM pressure in- 
creased indicating either a leak through the OWS hatch check valvds 
or around the hatch seal. Inspection of the hatch seal by the SL-2 
crew indicated no problem. Prior to the first EVA the crew taped 
the check valve orifices on the OWS side of the hatch and no sub- 
^ ea ^ age was observed. The check valves had been used on 
Y 134 during trim venting of the cluster through the OWS solenoid 
valves and may not have reseated properly at that time. 
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SECTION VII. AIRLOCK MODULE COOLANT LOOP 


cluster wa s L°hLffourc e ( fLrre a a eLerthrheIt d t WaSte heat fr ° m 

SSSE Docking - 

a Iwua;. The loop removed heat from: 

liquid heat exchangers! 11 "" 6 (3£nsible and ^ent) by means of gas/ 

t>. Cold -plated equipment. 

face heat exchanger^ CO ° lln8 System water loop by means of an inter- 
sources Experiments^ Package^ (EREpf^water , (CSI>) . Panel and Ear th Re- 
face heat exchanger. S ' ttr loop b 7 means of an inter- 


A. Configuration 


and areX 

provided Sm sh °™ ia 'to 7-1 

equipment. The ECS equipment consisted V ? Uted elect ^cal 

changers, condensing heat exchangers t»h* ? C °° ling heat ex- 
OWS and AM/MDA, and an oxygen heft f* £ bln heat exchan gers for the 
ment consisted of three taoe rppnr/^ 8617, The C ° ld plated equip- 
interface heat exchanger, two battered*? A ™ C& ° and EREP 

and two coolant pump inverter colfpLtef f°? 1CS m ° dules 

recorder and the batterv and pi«,h P±at Flow through the tape 
reduce system pressure drop. Two WaS paralleled to 

coolant loops were^rovided " for'^redundancy 

loops could remove and dissinate ■ 7 I , Both actlve coolant 

waste heat.' Each cold plate excep^th^^ ^ ““ Same araount °f 
contained coolant passes for^ prLa™™secoLa^^ops? S 

three temperature n C ontrol valves automat ically by the 

j acting loads below its maxima ,1 ^ CO ° lant loo P- While r e- 

with the 47 °F temperature control vStc^tcvb) W ^ d ° perate 

condensing heat exchangers always within 1 ! tb \ lnlet to the 

...... ... £ 
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Figure 7-1. Airlock Module Coolant System 
























heafloadfwould 0 ^ 23 ’ ^ TCVA Were “idling whenever the 

tahUvy^A „ V ■ Le rclCliafco ^ inlet temperature of 120 F was es- 

equipment wit™a^oir^te 1 ^ baSed T" ^ edification of electronic 

. lo._e maximum coolant inlet temperature of 120°F. 

pump/motor unitf tW ° pum P P a ^ages containing three coolant 

n “ Each power su PPlies were provided for the three 

to the°AC r D ow« S re f u° 0P , t0 convert spacecraft supplied DC power 

preactitat?on Ld d b \ the P ™ P motors - Durin S PrelaumSh and 
in one T™ and during orbital storage, one pump was to be operated 

each 1 P- atmg normal operation, one pump was to be operated in 
ach loop, with each pump powered by a separate inverter For 

operated in thf^ l0SS °f ^ “° lailt lo ° p = two pumps were to be 
operated in the remaining loop, with both pumps powered by a sinele 

inverter. Pump and inverter selection was provided by onboard 
itches and also by Digital Command System (DCS) command. Inverter 
No 1 powered pumps A and B, inverter No. 2 powered pumps B and C 
and inverter No. 3 powered numns r a p ; pumps h and G > 

rr ; 2 *“» 

hssIIiIPfI & 

accept the heat lo J Z ! i , phase chanse durin S P^launch to 
temperature below 47°F. Durinrorbi^r 11 and maint * in the outlet 
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or Il the i 47"rV SyStem Pressure rise ac ross the pump ( AP < 18 +2 Psinl 
or the 47 F temperature control valve fTr-vm ^ a x - FSID; 

38 + 1.75°F) would result in t-h ^ TCVB) operation (temperature 

Lt P - — - - S 

Module Station (AMS) lS^rto^aoor 7™^ °“ *** STS [Airl ° ck 
mounted on the lower MDA (AMS 200 t^AMS IfifTsyLL P f nels were 
were mounted on the upper U Z PiMelS 

Each STS panel consisted of an 0.050 inrh th-ir^ 

M ^t m r Pa m nir siu r- extrusions *** 

was 0.032 inch thick. C ° n lgUrat:L0ns were similar except the skin 
Parallel fit St £ 

Slottgts : t £ rinners di h t0 h ~ 

STS nnd MnA ^ . primar y and secondary crossover lines between all 

crossovers betweenL’anf-Y ^ STS quarte,: panel 

were installed in only one 

= »“S£ 

S-m- s^rjssHtrtiSr 

of delivering a minimum of 200 lb/hour of water A«*trnn a «f • 
was regulated by adjusting the flow rate of temperature controlled 2 
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CUTOUT FOR MOLECULAR 
SIEVE VENT 


INLETS 
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AM +Z 
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Figure 7-2. AM/MDA Radiator Stretchout Looking Outboard 








Table 7.1. Coolant Systems Performance Monitoring 

MAJOR MEASUREMENTS 

— ON BOARD DISPLAY 


M COOLANT LOOP PERFORMANCE 


A. 

PRIMARY TEJ1P CONTROL 
VALVE OUTLET TEMP 
IF LESS THAN 40°F (C&W) 

X 

X 

B. 

RADIATOR INLET TEMP 
IF GREATER THAN 120 °F (C&W) 

X 

X 

C. 

RADIATOR OUTLET TEMP 

X 


D. 

PUMP FLOWRATE 

X 

X 

E. 

THERMAL CAPACITOR TEMPERATURE 

X 


F. 

ALL COOLANT INLET AND OUTLET 
TEMPERATURES OF MAJOR COMPONENTS 

X 


C. 

COOLANT RESERVOIR 
LOW LIMIT LIGHT 

X 

X 

ATM C&D/EREP LOOP PERFORMANCE: 


A. 

WATER INLET TEMP 

X 


B. 

COOLANT OUTLET TEMP 

X 


C. 

PUMP A P 




D. 


FLOW RATE 


X 


LOW LIMIT LIGHT 


Table 7.1. (Cont.) Coolant Systems Perfomiance Monitoring 




MAJOR MEASUREMENTS 
III. EVA/IVA LOOP PERFORMANCE 


TM C&W ON BOARD DISPLAY 


A. WATER DELIVERY TEMPERATURE X 

TO EVA/IVA UMBILICALS. IF 

LESS THAN 33.5 ± 1.5°F (C&W) X 

B. WATER RETURN TEMPERATURE X 

FROM EVA/IVA UMBILICALS 

C. OUTLET OF 47 °F THERMAL ' X 

CONTROL VALVE. IF LESS 

THAN 38 ± 1.75°F (C&W) X 


D. WATER PUMP FLOWRATE X X 

(FLOW INDICATOR LIGHT) 

E. WATER PUMP A P X 

(LOW A P LIGHT) 


F. EVA SUIT COOLANT 
RESERVOIR PRESSURE 


X 


•Sj 

I 

-“4 




TO COND 

[ _HX ^ 

FROM 47° F VERWATHERm] 

Ml 1 

FROM CAPACITOR 



HATER PUMP MODULE 


CHECK VALVE 


1 tHPERATURE SENSOR 


CODLAPT SYSTEM LINES 


QUICK DISCONNECT 


DIFFERENTIAL PRESSURE 
TRANSDUCER 


PRESSURE SWITCH 


AMS ZOO 


0 MANUAL VALVE 
O WATER PUMP 

FROM Oil RELIEF VALVE 

CAPACITOR [fm] FLOW METER 
*| ~i GSE FITTING 
LIQUID/GAS 
SEPARATOR 


U L 

FROM 47= F 
V ERNATHERM , 
F* 70 COND 
MX 


&ai.t/3*±t*X7 Cooling Jfcdsila 



YtRNATHERK VALVE 


Figure 7-3. Suit Cooling System 



Each subsystem contained a water reservoir and redundant 
water pumps. Relief valves around the pumps limited water pressure 
at the LGG to a maximum of 37.2 PSIA in case of a blocked line. Each 
subsystem had an inflight replaceable liquid/gas separator for removal 
of gas entrapped xa the subsystem. Umbilical disconnects were pro- 
vided so that the system could be used from either the lock compart- 

TTtPn t- nr- t-ha CT’C ^ ^ L - 


A removable jumper hose assembly was attached to each pair 
of quick disconnects in the STS, to prevent excessive pressure build- 
up due to thermal expansion of the water in each water loop downstream 
of the pump outlet check valves when the umbilicals were disconnected. 

Each subsystem was equipped with extra disconnects so that 
three astronauts could be cooled by one of the water cooling loops 
in the event of a failure of one AM coolant loop. Freezing water in 
the lines while the system was inoperative was prevented by provid- 
ing a control_ed heat leak from warm coolant lines. Both coolant and 
water lines were isolated from their environment. 


„ . £ . Each subsystem was launched serviced with McDonnell Material 

pSM C r^ tl0n miS ~ 606 water ’ containing 500 PPM sodium chromate and 10 
M Movidyn to prevent corrosion and bacteria growth. Instrumentation 
was provided via telemetry to monitor water flow rate and temperature 
at the system inlet and outlet. Excessive positive or negative heat 
J°* ds be detected by C&W alarms , which were activated if the sys- 

IZ III temperature dropped to 33.5 ±1.5°F or if the coolant 

to 38 + 1 U 750 f t Thp°r^ et i° f *** doWnSt ? eam 47 ° F control valve dropped 
to 38 ±1.75 F. The C&W alarms were to be off when the outlet water tem- 
perature was >36 of and the coolant temperature at the outlet of the 
downstream 47°F control valve (TCVB) was >450F. 

Tho tcjit'c Th A cool ^8 system could be reserviced with water infligfa 
The LSU s and PCU s could also be serviced or deserviced inflight. 

1; A TM C&D/EREP ' W ater Loop - The ATM C&D/EREP Water Loop, shown 
in th^mA 7 w P ^ ovlded acti 7 cooling to the cold plated equipment 

H ? W ^ S re “ oved from the ‘sqtiipment by cold plates and cold 
ails and was transferred from the water into the AM Coolant Loop by 
an interchange heat exchanger. v y 

A portion of the system located in the STS consisted of the 
tank module containing a water tank, filter and filter bypass relief 
valve. The water tank contained approximately 12 pounds of water 
and was pressurized to 5 PSIA with nitrogen. Additives in the water 
consisted of two percent (by weight) dipotassium hydrogen phosphate, 

•Tht $^f ent . (b y weight) sodium borate and 500 PPM (t*y volume) Roccal. 

f r UlS C ° Uld be changed in flight and the loop was 

designed for inflight reservicing with water. The pump module 
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5 psi m. 


accumulator 
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ATM C3D - 
CONSOLE 


EREP 

FLOW 

SELECTOR 

VALVE 


PUMP 

(TYP 3 PLACES) 


C&D 
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Figure 7-4. ATM C&D/EREP Water Loop 












iTl tiuTi ° n the ° UtSide ° f the m acd untamed three paral- 
, P e . P° s:Lt ' Lve displacement rotary vane pumps and the heat 

^ W±th th£ m C00lant s y stem ’ Each P-»np had an 

check valve PaS Sin^l ValV£ t0 llm±t S?Stem P ressure an outlet 
cneck valve. Single pump operation was the normal flight mode and *n 

vldld to er l° ff dUrlnS °J bital St ° rage - Telemet ^ -- -S "re To- 
to the SnA r PUm ? I 7 rate and the inlet and °*tlet temperatures 
was avaUable! ° ^ indlcation ° f low P™P d ^ta pressures 


a™ ru i r Tl P orti ° n of the system located in the MDA consisted of the 
ATM C&D Console and its associated cooling lines. The EREP Module 
_ also in the MDA and consisted of the EREP C&D Panel, tape record- 
““^-spectra 1 scanner electronics and their associated cooling 
lines. The cooling system in this module contained four parallel 
plumbed branches. Branch one was a bypass containing an orifice to 
limit the flow to approximately 80 lb/hour. Branch two provided 
cooling for the EREP C&D Panel and the S192 electronics, and had a 
flow rate of approximately 70 lb/hour. The two components in this 
branch were plumbed in series. Branches three and four each con- 
tained an orifice and provided cooling for the primary and secondary 
pe recorders, respectively. These two branches were preceded by a 
common selector valve which routed the coolant to one of the tape 
recorders at an approximate flowrate of 70 lb/hour. All four branches 

to t£e S rn?p U f? t C ° !mn ° n outlet - Flow wa ® routed from this outlet 
to the EREP flow selector valve and thence to the AM portion of the 

system. The EREP components located in the EREP Module required 
cooling only during pxedata taking checkout, data taking, and postdata 
taking cool-down. During nonactive EREP periods, the EREP flow selec- 
tor valve routed the total system flow around the EREP Module and 
back to the AM portion of the system. During active EREP cooling 
periods, the total system flow was routed to the EREP Module and then 
back to the AM portion of the system. Figure 7-5 shows the relative 
location of the various components which were cooled by the ATM 
C&D/EREP Water Loop in the MDA. 


B. System Performance 


During orbital operation, the radiator and coolant loop had to 
e capable of rejecting 12,000 Btu/hour during EVA and 16,000 Btu/hour 
during other normal operations. The system had to be designed for 
operation at a nominal orbital altitude of 235 nautical miles and 
beta angles between -73.5 and +73.5 degrees. Vehicle attitude was 
to be normally solar inertial except during the Earth resources 
pointing mode, when the Z axis was parallel to the local vertical 








Sth !x axis £ :1° Ci , ty Vect ° r directi °”)- rendezvous mode 

desacuration maLL"s AL1tiI e :r r dir£Cti ° n) > a " d d -ing CMG 

£ veHiae was nearing £££“£ 


provide a comfortable environment for the crew It had- to oio n 

meat Sh!*! ° f C ° ld plated I"**-* to maintain S eq^ip"- 

frnm ™ thlIl .f cce Pt abl e temperature limits and remove sufficient heat 

allow those 1 °° Ql ' Ln8 water lo °P and the ATM C&D/EREP Water Loop to 
A sZ, •, t0 provlde the thermal conditioning required 

LirziiiLZt s i X“L-sr;‘ 2 “--'-“- - 3 

Th In 8 ®!* eral » the Airlock Module Coolant System performed well 

l ir:iri zffo s r w r e - always considerat ^ xzi^ s 

r “f Bd for desl S n purposes with the exception of the flow 
dropout problems in >Se ATM C&D/EREP loop (see paragraph C 4 1 The 
rad ator and thermal capacitor performance exceeded prefligh^pre- 
dictions for nominal conditions and the cooling capabilities of the 
system exceeded the specification requirements! The mai or orob! ems 

^hV?? th d 6 SyStem WerS StUC " control^ef ser 

paragraph C.2.) and coolant loop leakage (see paragraph C.3.). 

solar X ineft l af"^ ^ oads .~ The Sk y lab was not maintained in the 
olar Inertial attitude prior to the SL-2 launch as planned. This 

t a a ” al1 as the fact that the two OWS solar arrays and AM bat- 
t T er ! lnaBtlve ’ contributed to a very low heat load on the 
system during the unmanned phase of SL-1. In order to illustrate the 

of S the miss i varlatdons 1 the radiator heat loads for selected portions 
of the missions are provided in figure 7-6. The loads for the entire 

neriod m and 10n ar !. Sh °™ adon S wich the loa ds during the first storage 
period and a portion of the final mission. The portions of the total 

valve'* (TCVcr a r PSt r am a and do ” tlstream of the 40 ° F thermal control 
. ^ , VC ^ are also dep rcted and are represented by ECS and EQP 
respectively. A summary of the contributions to these loads fronT 
major system items is given in Table 7.3. 

! ,. Tab i e 7-4 Sh ° WS the coolant loads which were estimated prior 

storaeeZnZ Were T d f n r deSlgn pUrposes ‘ As sh °wn. the orbital 
storage load was estimated to be 3096 Btu/hour, considerably more 
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Table 7.2. Coldplates 


ELECTRICAL 

ITEM COMPONENT 


LOCATION 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Battery 

Battery 

Battery 

Battery 

Battery 

Battery 

Battery 

Battery 

Charger & Regulator 
Charger & Regulator 
Charger & Regulator 
Charger & Regulator 
Charger & Regulator 
Charger & Regulator 
Charger & Regulator 
Charger & Regulator 
Suit Compressor Pwr Supply 
CRDU 

VHF TM 10T‘7 Transmitter 
Telemetry 2W Transmitter 
Hi Level Multiplexer 
Lo Level Multiplexer 
Instrument Package 2A 


Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Battery Module 
Elect. Mod. #1 
Elect. Mod. # 2 
Elect. Mod. #2 

Elect. Mod. #3 


HEAT 

ALLOWABLE 

COLDPLATE 

DISSIPATION 

TEMPERATURE RANGE 

btu/hour 

MIN(°F) 

MAX(°F) 

170.7 

40 

100 

170.7 

40 

100 

170.7 

40 

100 

170.7 

40 

100 

170.7 

40 

100 

170.7 

40 

100 

170.7 

40 

100 

170.7 

40 

100 

124.5/88.9 

40 

128 

124 .5/88.9 

40 

128 

124.5/88.9 

40 

128 

124.5/88.9 

40 

128 

124.5/88.9 

40 

128 

124.5/88.9 

40 

128 

124.5/88.9 

40 

128 

124.5/88.9 

40 

128 

45 

40 

120 

31 

40 

120 

191 

40 

138 

66 

40 

120 

0.23 

30 

120 

0.49 

30 

120 

19.1 

36 

120 


SL-Z 


Table 7.2. (Cont.) Coldplates 


T*P1^J 


j 

s 


25 

26 

27 

28 

29 

30 

31 

32 

33 

34 




ELECTRICAL 

COMPONENT 


HEAT 

DISSIPATION 

LOCATION BTU/HOUR 


PCM Interface Box 
T 'i t rumen t Package 2A 
■ Programer 
Level Multiplexer 
DC /DC Converter 
Instrument Package 
Caution & Warning Unit 
VHF Transceiver 
RTTA 

Instrument Package 
Hi Level Audio Amp C&W 
Tracking Light- Elect. . Pkg 
Coolant Pump Power Supply 
Coolant Pump Power Supply 
Tape Recorder 
Tape Recorder 
Tape Recorder 


Elect. Mod. #3 

45 


19.1 

Elect. Mod. #3 

21 

Elect, Mod. // 3 

0.49 

Elect. Mod. #4 

158 

Elect. Mod. // 5 

4 


322 

Elect. Mod. #5 

96 

Elect. Mod. #5 

14 

Elect. Mod. // 5 

10.2 


24 

Elect. Mod. #6 

201 

Pump Module 

47 

Pump Module 

47 

Tape Rec. Module 

52 

Tape Rec. Module 

52 

Tape Rec. Module 

52 


ALLOWABLE 

C0LDPLATE 

TEMPERATURE RANGE 

MIN(°F) 

MAX(°F) 

36 

120 

36 

120 

40 

120 

30 

120 

36 

138 

40 

120 

40 

120 

40 

120 

40 

120 

36 

120 

40 

120 

40 

120 

40 

120 

40 

120 

36 

100 

36 

100 

36 

100 



DOY-GMT 

Figure 7~6a. AM Radiator Heat Load, SL-1/SL-2 
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Figure 7-6b. AM Radiator Heat Load, SL-2/SL-3 Storage 






HEAT LOAD -v BTU/HOUR 


13,000 


12,000 


1 1 ,000 


10,000 


a-HBUMU— 


I 


5000> 


13 5 7 


9 11 13 15 »7 19 21 23 25 27 29 31 33 35 37 39 


DOY ~ GMT 


Figure 7-6c. AM Radiator Heat Load, DOY 001 - DOY 039 of SL-4 
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Table 7.3. AM Coolant Loads (BTU/HOUR) 


ECS LOADS (UPSTREAM OF 40 °F VALVE) 

1. Condensing Heat Exchangers 

2. OWS Heat Exchangers 

3. STS Heat Exchangers 

4. Tape Recorders 

5. ATM C&D & 0^ Heat Exchanger Module 


SL~2 

600 to 1300 
1100 to 3500 
-100 to 750 
-150 to 200 
-150 to 800 


SL-3 

600 to 1500 
100 (2) to 1700 
0 to 900 
- 50 to 250 
0 to 2014 


1 . 


2 . 


3. 


EQP LOADS (DOWNSTREAM OF 40 °F VALVE) 
Battery Modules 
Electronics Modules 
Pump Modules 


-300 (1) to 2300 
950 to 1600 
200 (3) to 900 (4) 


"V 


1200 to 2100 
800 to 1500 
200 (3) to 850 


(4) 


NOTES 


CD 

( 2 ) 

(3) 

(4) 

(5) 


Prior to OWS Solar Array Deployment 
All OWS Heat Exchangers Off 

0 Primary Pumps + 1 Secondary Pump 

1 Primary Pump + 1 Secondary Pump 
Primary Pumps + 1 Secondary Pump 


SL-4 

550 to 1600 
1250 to 2350 
0 .to 800 
0 to 250 
0 to 2783 


1050 to 3800 
500 to 1450 
250^ to 1600 


(5) 


ww-.. . 






1. COMPARTMENT LOADS 
MDA (2) 

AM (TOTAL) ( 3 ) 

AFT 
LOCK 
FWD 
STS 

OWS ATMOSPHERE COOLING 
METABOLIC ( 5 ) 

SENSIBLE 
MDA 
AM 

latent 

am/mda wall heater load 

COLDPLATESj HX ? S ETC. 
EVA/IVA HX*S 
ATM C&D PANEL/EREP HX 
ELECTRONICS MODULES (ll 
PCG’S (EIGHT) (12) 

TAPE RECORDERS 
COOLANT PUMP MODULE 

TOTAL BEAT LOADS 
GROSS SYSTEM HEAT LOAD 
EXTERNAL HEAT LEAK (l4) 
RADIATOR HEAT LOAD 


Table 7.4. internal Design Heat Loads (BTU/HOUR) 



NOTES : 


(1) NOMINAL EQUIPMENT AND METABOLIC HEAT LOADS FOR SUSTAINED OPERATION AT MISSION 
MODE INDICATED. (4 HOUR EVA LIMIT.) 

(2) MDA COMPARTMENT HEAT LOADS PER AM/MDA ENVIRONMENTAL CONTROL DATA, S&E-ASTN-PL (72-130) 

(3) BASED ON AM EQUIPMENT LOADS. 

(4) BASED ON 83 °F OWS RETURN GAS TEMPERATURE, 

(5) CREW METABOLIC SENSIBLE LOADS PER S&E-ASTN-PL (72-214 ) , BASED ON TOTAL METABOLIC 
LOAD OF 500 BTU/HOUR PER CREWMAN, CL0=0.35, V (GAS) =40 FT/MIN. LATENT METABOLIC 
HEAT LOADS EXCLUDE 220 BTU/HOUR (MOLECULAR SIEVE VENTING). 

(6) 3130 BTU/HOUR (ONE EVA/IVA LOOP) + 1730 BTU/HOUR (OTHER EVA/IVA LOOP) + 204 BTU/HOUR 
(PUMPS) . 

(7) AVERAGE LOAD OF 310 WATTS (1058 BTU/HOUR) + PUMP LOAD (68. BTU/HOUR). 

(8) AVERAGE LOAD OF 90 WATTS (307 BTU/HOUR) + PUMP LOAD (68. BTU/HOUR). 

(9) AVERAGE LOAD OF 25 WATTS (85 BTU/HOUR) + PUMP LOAD (68, BTU/HOUR). 

(10) ORBIT AVERAGE HEAT LOAD BASED ON 25 WATT LOAD DURING STANDBY, AND EREP 
EQUIPMENT LOAD PROFILE ESTIMATED PREFLIGHT. 

(11) BASED ON NOMINAL ELECTRONIC EQUIPMENT OPERATION; INCLUDES NON-COLDPLATED EQUIPMENT. 

(12) ORBIT AVERAGE HEAT LOADS. 

(13) BASED ON 70°F OWS RETURN GAS TEMPERATURE. 

(14) INCLUDES LOSSES TO CSM; EXCLUDES HEAT LEAK TO RADIATOR. 

(15) ESTIMATED VALUE 

(16) BASED ON BATTERIES ON TRICKLE CHARGE. 

(17) OWS POWERED DOWN. 

(18) REPRESENTS PRELAUNCH GCHX LOAD WITH RADIATOR IN BYPASS. BASED ON GCHX HEAT LOADS 
MEASURED DURING U-l SEDR D3-E75 SIMULATED FLIGHT TESTS. TOTAL LOAD AT GSE/AM 
INTERFACE WITH GROUND COOLANT SUPPLY PER 65ICD9542, -15°F 0 900 LB/HOUR. 


uL he sy r ra the — 

tial oriented and the onl OWS solar ’ " Skylab WaS Eol “ *>«- 

storage heat loads were closer to Cha ° rbital 

fJ 1 it h 7 - 6 h bi v : j hS 3 

remaining 3100 Btu/hour - *•» 

AS shown, there 8 „as a 20 600 Btu^ouTECS^at f 'fa BtU/W 

= 2=*^ ' “ -s r- 

low load of 6800 Btu 'hour the fvsteilTwas^ 1 * 1 P ° rti ° n of SL “ 2 ’ the 

decreasing^W^temperature^unti^the^WS^ 17 ! 3 ^ 56 ^ 

maining portion of tbp qt o j u ined. Loads during the re- 

DurinAhe ™ a the SL-2 ranged between 6500 and 9000 Btu/hour 
curing the manned portions of SL-3 p-nH gt_a i lour * 

S£ ofUf the r soj" tely 80 f BtU/h0Ur ' ’“™ fun a Sun“p«- 

Btu/hour. ’ ar lnertial load Peaked at approximately 10,000 

m u ,J he hSat loads durin 8 the EREP maneuvers were somef-,*™^ 
higher than anticipated being a maximum of l? n?i to- /u times 

“2 “2 2*' -* ”i°2 SLn.Sg'S, 31 

— IHt '2*»5,.°hS222 a *“ wh "” *— 

the TCVB valves. angerS “ USed * fter the P mbla ” s occurred with 

spacificauorvaluea ^ ^ the ““ 

for EVA there were nevf™ 7 f °* n ° n - EVA and 12 > 000 »tn/hour 

of 120°F at the pump outlet ThfmAmnmA 5 th6 C ° ld plate re ? uiremei <t 
323:23:00 and was approxi^tely 75™ te ^ature occurred at 

AM 2 n* ^L Coolin S. System P erformanc e During the Launch Pbp«=p - 
M coolanFloop pr^launc T T erformance is giv ^T in Section ^ As 

active unti? ^ SeCCi ° n ’ ° nly ° ne ° f th * two cooling^ 1 oops* was 

operating in thT ** *' i Th ® confi S ura tion at launch had one pump 

P g in the primary loop flowing through the radiator. The 
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y W3S dormant with the radiator bypass valve in the 

°™:\° r radlator £low Position. The system heat load, induced by 

load r hea ^ ln8 from the radiator at launch, internal system heat 
load, and aerodynamic heating during the boost/ascent phase was 
jected to the two thermal capacitors at the radiato/outlet The' 
capacitor cooling mode was used until payload shroud jettison’at 
T + 15 minutes 20 seconds. Following this the radiator began to 

5700 C Rr hea V° d ? eP SPaCe ‘ Cata indlcates that of the approximately 

llunch 2 ,nn r llng ca P abilit ^ in the two capacitors at ? 

launch, 2200 Btus remained when the radiator began to provide the 

required cooling. During this period of time the capacitors main- 
tained all coolant loop temperatures within the required tolerances 

rt SU e 8 ';Vt° WS the actual radiator outlet temperature history for 
e first 6 hours of the mission along with predicted values for a 
short period at mission start. 

M ^tor/ Capac itor Non-EVA Performance - The heat rejection 
capability t the radiator/ capacitor system was better than antici- 

hJ£ d Pr ^° r t0 the fllSht and at n ° time were there Problems in 
having adequate capacity for the planned operations. The parametric 

useFto m^-t n f Jh Ure 1 ? ' 8WaS prepared prior t0 the flight and was 

l ^ r6 - latlve Performance of the radiator periodically 

throughout the mission when the vehicle was in the solar inertial 

rh! ^ f nd hS Beta angle was between 0 and ±30 degrees. As shown, 

. ° utlet temperature of the radiator was equivalent to the pre- 
flight studies with a degraded coating a/e = .25/. 85 and an external 
environment between nominal and minimum fluxes. It was concluded 
heref° re that there was more than adequate capacity since preflight 
tudiea showed that even for maximum flux conditions, the radiator 
rejection capability was greater than the required 16,000 Btu/hour 
without exceeding 47 °F at the valve B outlet and the flight loads 
were considerably below this. 


Radiator/ Capacit or Performance for Maneuver s - The impact 
of maneuvers on the performance of the radiator and thermal capacitor 
was of little significance during SL-2 and SL-3 because the capacitor 
outlet temperature was always below the phase change of 22.3°F for 
the tridecane wax. Some maneuvers which were performed during SL-4 
however, occurred at Beta angles greater than the -65 degrees which* 
was analyzed as an upper limit prior to flight. Results of the pre- 
flight studies showed that the thermal capacitors would thaw and all 
three control valves would exceed their control band for some maneu- 
vers at Beta angles approaching full Sun. As anticipated, the 
thermal capacitors did completely thaw during the flight and all of 
the thermal control valves exceeded their control band during some 
of the maneuvers. Typical plots of the system parameters are shown 
in figure 7 9, for ERKP 29 and 30 on D0Y 14. Refer to figure 7-10 
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MAX. RADIATOR OUTLET TEMPERATURE 
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Figure 7-8. AM Radiator/Capacitor Performance 
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Figure 7-9. Two Consecutive Z-LV Orbits on DOY 014 













for the location of the various temperature sensors. The fact that 
the valve outlet temperatures exceeded their control band was of no 
concern however, since the excursion was for a relatively short 
period of time and had little effect on the atmosphere conditions 
and cold plated equipment. 

5 * EVA Performance - The baseline requirement for EVA/IVA 
cooling system design was to remove 2000 Btu/hour for each of two 
men while maintaining the water supply temperature between 41 °F and 
49 e F. A change in program groundrules required that three crewmen 
be suited rather than two. This change required water cooling f;,'r 
the third crewman with the resulting loads estimated preflight for 
the primary and secondary cooling loops as shown in figure 7-11. 
Analysis indicated that the load profile for the primary loop would 
result in a water supply temperature of 50.5°F, which exceeded the 
specified upper limit of 49°F. However, a decision was made to 
accept the higher water supply temperature. 

The peak heat loads in the EVA water loop during the flight 
are summarized in Table 7.5 for each Skylab mission. As shown, the 
heat loads were considerably lower than the 5000 Btu/hour maximum 
which was estimated for the preflight studies. This could be due 
partially to the water supply temperature being warmer than assumed 
preflight since the EVA bypass valve had to be operated in the bypass 
mode. (See paragraph C.2.) Figures 7-12 and 7-13 show the approxi- 
mate water and coolant temperatures which were provided with the EVA 
valve in bypass. The crew reported that the cooling was adequate 
and tended to position their flow diverter valve with less than 100% 
flow, even though the supply temperatures were higher than the 49 °F 
specification upper limit. 

The third EVA of Si-3 was accomplished with O 2 cooling since 
there wasn't adequate coolant in the primary coolant loop (see para- 
graph C.3. ) and the decision was made not to use the secondary loop 
for EVA with the risk of the control valve sticking in a worse posi- 
tion. The approximate heat removal which could be provided by using 
the high 0 2 flow is shown in figure 7-14 for similar conditions to 
those in flight. The crew reported that the 0 2 cooling was adequate 
for the work loads experienced during the EVA but that tasks requiring 
high work loads would require water cooling. 

6* Rad iato r__C gating Degradation - The solar absorptivity of the 
Z-93 coating on the radiator was measured prior to launch and an 
average value of approximately 0.14 was established. Periodically 
throughout the mission, a flight support computer model was run and 
the inputs of solar absorptivity and emissivity were modified until 
the model results matched the flight data. Figure 7-15 shows a 
typical comparison which was made using the data for D0Y 264. Using 




Table 7.5 


EVA Heat Loads 


MISSION 

EVA 

TIME; 

(DOY:HK:MIN) 

SUIT 

COOLING 

SYSTEM 

EVA LOOP (1) 

PEAK LOAD (BTU/HOUR-J 

SL-2 

//I 

158:14:30 

SUS 2 

1835 (Deployed OWS SAS) 


n 

170:12:21 

SUS 1 

1700 

SL-3 

//i 

218:17:00 

SUS 1 

1770 (Deployed Twin Pole 
Shield) 


in 

236:15:00 

SUS 2 

1500 


#3 



Oxygen Cooling Only 

SL-4 

#1 

326:20:45 

SUS 1 

2205 


in 

359:16:30 

SUS 1 

1460 


n 

363:17:10 

SUS 1 

1515 


#4 

034:18:10 

SUS 1 

2045 

NOTES 





CD 

Startup Transients Were 

Larger 
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the model and flight comparisons, the degradation in the coating could 
then be determined versus time. The results are plotted in figure 
7-16. As shown, the solar absorptivity of the radiator at the end of 
the SL-4 mission was approximately 0.25. No change in the emissivity 
could be distinguished. The results showing the degradation of the 
Z-93 sample coating which was contained in the D024 experiment are 
also shown in figure 7-15. As shown, the trend is similar to the 
degradation of the coating on the radiator except that the D024 
samples had degraded to a value of approximately 0.34 by the end of 
the mission. This was attributed to the fact that the D024 experiment 
was mounted on the sun side of the vehicle with no shadowing. Crew 
comments during the debriefings indicated that where the sun impinged 
on the radiator coating, they could see a pattern of definitely 
lighter color where it was shadowed by the ATM deployment struts o'r 
other equipment. This would lead to the conclusion that the radiator 
coating had probably degraded to the values corresponding to the D024 
samples where it was not shadowed but had degraded considerably less 
where it was shadowed by the ATM or was on the backside of the ve-* 
hide. This accounts for the lower value calculated for the radiator 
since this would be the equivalent value if averaged over the entire 
radiator surface. 

7. ATM C&D /EREP Loop Performance - The ATM C&D/EREP loop had 
to provide adequate cooling for the ATM C&D console and all cold- 
plated EREP equipment in the MDA and maintain theit temperatures 
within specification limits. In addition, all local areas had to be 
maintained between 55°F and 105 °F to meet touch temperature criteria 
and assure that no condensation occurred. Crew comfort criteria as 
specified in MSC Document BRO-BD-57-67 also had to be met while the 
operator was at the ATM C&D console. These criteria had to be met 
while satisfying the various modes of operation as specified in 
paragraph 2.3.3,10 of the Mission Requirements Document. for operation 
of the ATM and EREP experiments. 

There was only limited flight instrumentation for monitoring 
the temperature of specific components on the ATM C&D console and 
the EREP equipment had no flight temperature indications. However, 
using the flight water inlet temperatures and flowrates in a detailed 
analytical model which was developed for the components, It can be 
concluded with a reasonable degree of confidence that the temperature 
requirements were met throughout the entire Skylab mission. All 
design studies prior to the space flight showed the ATM C&D and EREP 
components would not exceed their maximum temperature limits if the 
water inlet temperature did not exceed 78 °F and the average MDA 
temperature did not exceed 80°F. The water inlet temperature during 
the flight was always maintained below 78 °F and was a maximum of 74.9 
at 264:14:30. The maximum average MDA temperature was approximately 
71.5°F, well below the assumed 80°F. 


7-35 



<1 

I 

** 

05 



EQUIVAI 


Figure 7-16. AM Radiat 



r Solar Absorptivity 







Additional studies were accomplished which showed that the 
heat load on the system was composed not only of the equipment load 
and the heat leaks into the system from the MDA, but also of an 
additional load from environmental heating in the portions of the 
system which were mounted on the outside of the Airlock Module. This 
load, in the solar inertial attitude, varied from approximately 180 
Btu/hour at the low Beta angles to approximately 500 Btu/hour at the 
higher Beta angles of 50 degrees and above. The amount of heat from 
the environment appeared to increase during the periods that the 
vehicle was in the Z-LV attitude. There was also evidence that the 
conductances which had been assumed for design purposes were conserv- 
ative. This would result in even lower component temperatures than 
the preflight predictions for the various heat generating components 
such as the EREP tape recorder motor and the ATM C&D TV monitors. 
However, it would also result in higher transient heat loads being 
imposed on the coolant loop since more heat would be transferred to 
the water. Figures 7-17 and 7-18 show the water outlet temperatures 
for typical days when ATM experiments and EREP experiments were 
operated, respectively. As shown, the higher outlet temperatures 
in flight indicate that more of the heat went into the water loop 
and was probably the result of the conservatively small values assumed 
for the conductances. 

The combined effect of the larger conductance and the environ- 
mental heating in the airlock area therefore contributed to the ATM 
C&D/EREP loop peak heat loads being higher than those calculated pre- 
flight. The maximum load during ATM C&D operations was approximately 
1450 Btu/hour while the preflight predictions were approximately 800 
Btu/hour. The maximum load during EREP operations was approximately 
2780 Btu/hour for the EREP pass on D0Y 20 while preflight predictions 
were a maximum of approximately 1440 Btu/hour. Though these loads 
were considerably higher than preflight predictions they were of 
such short duration that there was no adverse effects on the perform- 
ance of the ATM C&D/EREP loop or the AM coolant loop. 

It was also significant to note that the temperatures which 
could be monitored on the ATM C&D console were well below the redline 
limit that had been assumed prior to the flight. Table 7.6 shows the 
maximum values which were observed for the sensors versus their 
redline values. 

8. Low Temperature in Suit Cooling System #1 - The attempt to 
reduce OWS structural and internal temperatures during the period 
before launch of the SL-2 crew by pitching the cluster about the Y 
axis (and thereby reducing the incident solar flux) resulted in an 
excessively cold environment in the Airlock Module. The structural 
temperatures gradually decreased and approached the freezing point 
of water beneath the thermal curtain in the area of the suit /battery 
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Table 7.6, ATM C&D Console Temperatures 


SENSOR 

NO. 

DESCRIPTION 

ASSUMED 
REDLINE LIMIT 
TEMP (°F) 

*MAX. : 
TEMP 

C154 

Intensity Display Counter 

140 

84 

C155 

Exposure Display Counter 

140 

84 

C156 

CRT HV Pwr Supply 

140 

86 

C157 

Intensity Modulator 

140 

82 

C159 

C&D Low Volt Pwr Supply 

140 

86 

C376 

Video Monitor No. 1 

185 

102 

C377 

Video Monitor No, 2 

185 

91 


*Temperatures monitored between DOY 324 and 355 


v > hi 1 , 


cooling module (figure 7 - 19 ) rf *n 

«" s s. r ““ “- ,r “ 

sr- *“ ■™;~ss a -ri'rs', 

improve thHher nJfenvLonmenf L'tte® 63 ^ an “tempt to 
At 141:12:37 the vehicle n^ch , suxt/battery module area 

to -40°F while no temperaLre increfsrwas^h^ 01 " a PP r °*imately'-50° 
crease was diminished. observed, the rate of de- 

the thermal curtain” T-SO^pitch^ 01131 S ° lar ener8y in the area of 
tained for one revolution at 142 -11 and mala ~ 

1 v i U ! rat£d in figure 7-20 which a!;, l h£ affec£ of the maneuver 
lock Module area with the vehicle in a -50° ahadowitl g °f the Air- 
nominally maintained throughout tMe ? Xt f h attitude (which 
direct solar impingement into th* this period) and also shows the 
curtain with the vehicle in a ° -80°%^^ A±M ***. metetoid 
l n fx ? ure 7 “ 20 were made with a kvL? ^ e ^er. The photographs 

to ai d in selecting a maneuver to p'Lvide s' /'^r 1 ^ ^ ^y \,2 

sired area. Extreme pitch maneuver* ^vide solar flux into the de- 

fore Pr ° bleinS on the ATM solar arrays folder CaUSed loW te “P^ra- 
fore undesirable. On the revolnM™ ? ld joints and were there- 

the vehicle was placed in thp <, i P rl or to execu ting the -80° nitr-h 
att> a rrays P rior to the maneuve^ancTto^h 3ttitude t0 warm the 

3180 Pr ° Vided add “ ioaal «Ur en e ^\t b Sk^ du T l h e 1 r 

suit/battery moduie h e^irmment W were Pr °f ided some improvement in the 
- revolutions) and at 144 .2^?^^^ ** 

temperature C ^ linS SyStem #1 P™>P outlet 

gins just before DOY 146 was apparentlv ’? a 5 mln S trend which be- 
hest transfer from the OWS dome sinned '' ? Ed by the “fluence of 

ures showed a corresponding increase intT^ ° f ^ do “ e tem P e ta- 

8 rease ln temperature at that time. 

The accuracy of the measurement 6 ° bserved was approximately 33 5 ° F 
the water tL We r. t «r^"^ d ^ ,l « , “ 3C ?“ t «ly #’*■ 4n ^h 
freezing was prevented. Subsequent Jr?* 21118 poirlt: ’ it: is believed that 
that no water leak developed as a resul^™he- cflfr SUlt l0 ° P vdrlf iad 

° £ the cold temperatures. 


7-41 



Figure 7-19. Location of Suit/Battery Module 
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Figure 7-20. Effect of Pitch Maneuvers on Shadowing of Airlock Modul 








9. Potential Freezing of AM Radiator — At approximately 
137:02:01, it was determined that the outlet temperature of thermal 
control valve C (TCVC) was 45.7°F which was above its control, point 
of 40 +2°F. Since the radiator inlet temperature was only 48°F, this 
implied that the radiator flowrate was nearly zero and might be in 
the process of freezing. Although this condition in itself was not 
thought detrimental, the thawing required to reactivate the radiator 
had never been attempted and was therefore considered undesirable. 

The following items were therefore turned on to add more heat to the 
loop. 


Component 


Approximate Load 
(Btu/hour) 


Tape Recorder // 3 & DC/DC Converter 51 
10 Watt transmitter A 165 
10 Watt transmitter C 165 
(2 Watt transmitter turn off) -66 

Net Heat Load Added 315 Btu/hour 


This corrective action caused the TCVC outlet temperature to 
decrease from 45.7°F to 41.4°F and the pump delta P increased from 39 
to 46 PSXD indicating that the radiator flow had been reinitiated. 


It was later shown by analysis that the thermal capacitance 
of the radiator was large enough that freezing would not occur with 
zero flow' in the radiator. This proved to be true on DOys 141 and 
142 when the system heat loads were very low and the radiator flow 
actually did drop to approximately 0 lb/hour on the cold side of each 
orbit and there was no apparent freezing. 

10 • AM Coolant Pump Performance - Coolant f lowrates during the 
flight were better than the design values and did not decrease with 
time of operation. The flight values for the various inverter /pum^ 
combinations utilized throughout the mission are summarized in Table 
7.7. Since the system heat loads, temperatures, pressures, and other 
parameters were directly dependent upon the pump combinations which 
were utilized at any given time, Table 7.8 is provided for reference. 
Table 7.9 shows the total run time that was imposed on each pump. 
Endurance tests oi. the ground prior to the flight had been run on a 
pump for approximately 9000 hours without failure. 

Prior to SL-2, the automatic switchover system switched from 
the primary to the secondary loop on two occasions. At 139:20:00:10, 
while PRI-Inv 1/Pump A was running, the AM coolant loop switched auto- 
mai-ically from the primary to the secondary loop. Switchover measure- 
ments were at the following values prior to switchover, well above 
the automatic switchover limits: 


Table 7«7 Coolant Flowrates 


COOLANT LOOP 

INVERTER 

PUMP (S) 

FLOWRATE 

(LB/HOUR) 

PRIMARY 

1 

A 

270 



B 

1 



AB 

510 2 


2 

B 

270 



C 

1 



BC 

510 2 


3 

C 

1 



A 

1 



AC 


SECONDARY 

1 

A 

270 



B 

1 



AB 

520 


2 

B 

270 



C 

1 



BC 

515 


3 

C 

275 



A 

270 2 



AC 

1 


NOTES: 1 Inverter/purapCs) combination not utilized 

2 Estimated from TCV-B hot inlet flow measurement 
since TCV-B outlet flowmeter not available at 
time of designated operation 






Table 7.8. Coolant System Pump Configuration Status 


CODE: PRIMARY OR SECONDARY LOOP 

INVERTER NO. 1 
PUMP 

STATUS * 

PRI IA ON 


* TURNED ON OR OFF 

(PUMPS NOT NOTED ARE OFF) 


TOTAL PUMPS 


TIME (GMT) 

STATUS 


(PRI + 

134:17:30 

LAUNCH CONFIGURATION PRI. 1A 

1+0 

139 '•0:00 

PRI 1A OFF 

SEC 

1A 

ON (AUTO SWITCH) 

0+1 

140; :16 : 00 

PRI 1A ON 

SEC 

1A 

OFF 

1+0 

140:01:41:00 

PRI 1A OFF 

SEC 

1A 

ON (AUTO SWITCH) 

0+1 

146:00:18:00 

SEC 1A & B « 

ON 



0+2 

146:13:52:00 

SEC 1A 

SEC 

IB 

OFF 

0+1 

146:16:16:00 

SEC 1A & B i 

OK 


•< 

0+2 

146:16:25:00 

SEC 1A 

SEC 

IB 

OFF 

0+1 

147:04:17:31 

PRI 1A ON 

SEC 

1A 


1+1 

148:14:17:17 

PRI 1A 

SEC 

1A OFF 

1+0 

149:01:44:00 

PRI 1A 

SEC 

1A 

ON 

1+1 

149:02:04:55 

PRI 1A 

SEC 

1A 

OFF 

1+0 


(CIRCUIT BREAKER POPPED) 


149:02:05:55 

PRI 1A 

SEC 

2B 

ON (CREW COMMAND) 

1+1 

149:03:29:00 

PRI 1A 

SEC 

2B 

OFF SEC 3C ON 

1+1 


(GROUND COMMAND) 


150:22:42:00 

PRI 1A OFF 

SEC 

3C 


0+1 

151:00:19:00 

PRI 1A ON 

SEC 

3C 


1+1 

151:12:09:00 

PRI 1A OFF 

SEC 

3C 


0+1 

152:00:40:35 

PRI 1A ON 

SEC 

3C 


1+1 


(HIGH AP 

PRI 

AT 

START) 


153:12:00:58 

PRI 1A OFF 

SEC 

3C 


0+1 

154:02:35:00 

PRI 1A ON 

SEC 

3C 


1+1 


(HIGH AP 

PRI 

AT 

START) 


154:12:20:00 

PRI 1A OFF 

SEC 

3C 


0+1 

155:00:42:00 

PRI 1A ON 

SEC 

3C 


1+1 


(HIGH AP 

PRI 

AT 

START) 


155:12:16:54 

PRI 1A OFF 

SEC 

3C 


0+1 

155:23:26:00 

PRI 1A ON 

SEC 

3C 


1+1 


(HIGH AP 

PRI 

AT 

START) 


156:11:23:00 

PRI 1A OFF 

SEC 

3C 


0+1 

158:12:59:30 

PRI 1A ON 

SEC 

3C 

(EVA) 

1+1 

158:13:42:47 

PRI 1A OFF 

SEC 

3C 

(SUS #1 FROZE & 

0+1 


TCV B OFF TEMP SCALE LOW) 


158:16:05:00 

PRI 1A ON 

SEC 

3C 

(CREW COMMAND) 

1+1 
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Table 7.8. 


Coolant System Pump Configuration Status (Continued) 


TIME (GMT) 

158:16:17:00 

158:19:00 

158:19:43 

159:01:07:30 

159:01:08:30 

159:01:58:48 

159:02:07:30 

159:02:40:30 

159:02:41:30 

160:02:16:34 

160:02:17:46 

160:18:15:00 

160:18:23:46 

160:18:42:41 

160:18:47:00 

161:13:54:23 

162:16:49:13 

162:16:56:25 

162:22:07:22 

162:22:08:47 

163:14:35:00 

163:14:56:32 

170:08:54 

170:13:07 

173:09:07:50 

207 STATUS 

209:20:42 

210:04:35 
215:19:40 • 
218:14:26 
219:00:22 
233:13:30:45 


STATUS 


TOTAL PUMPS 
(PRI + SEC) 


ir-Kl XA OFF SEC 3C 


V.UU1W UUMMAND) 

SEC 3C OFF (CREW COMMAND) 
SEC 2B ON (CREW COMMAND) 
(CREW COMMAND) 


(CREW COMMAND) 
(CREW COMMAND) 

SEC 23 
SEC 2B ON 


PRI 1A ON 
PRI 1A OFF 
SEC 2B OFF 
SEC 2B ON 
SEC 2B OFF 
SEC 3C ON 
SEC 3C OFF 
SEC 2B ON 
PRI 1A ON 
PRI 1A OFF 

PRI 1A & B ON SEC 2B 
PRI 1A & B OFF SEC 2B 
PRI 1A ON SEC 2B 
PRI 1A OFF SEC 2B 
PRI 2B ON SEC 2B 
PRI 2B SEC 2B & 

PRI 2B SEC 2B & 

PRI 2B SEC 2B & 

PRI 2B SEC 2B & 

PRI 2B SEC 2B & 

PRI 2B SEC 2B SEC 2C OFF 
PRI 2B & C ON SEC 2B (EVA) 

PRI 2B, PRI 2C OFF SEC 23 
PRI 2B OFF SEC 2B (DEACTIVATION) 
SEC 2B (STOWAGE) 

PRI 2B ON SEC 2B 

(HIGH AP AT START) (ACTIVATION) 
PRI 2B OFF SEC 2B 
PRI 2B ON SEC 2B 
PRI 2BC ON SEC 2B (EVA) 

PRI 2B PRI 2C OFF SEC 2B 
PRI.2B SEC 2C ON SEC 2B 

BUS 1 CIRCUIT BREAKER OPENED, 

BOTH SECONDARY PUMPS OFF. GROUND 
THEN COMMANDED INVERTER 2 OFF, 
THEN ON. NO PUMP STARTED UP. * 
THEN PUMP C TO INVERTER 3. CREW 
THEN RESET BUS 1 CIRCUIT BREAKER 
AND SEC 2B STARTED. 


ON 

OFF 

ON 

OFF 

ON 


0+1 

1+0 

0+1 

0+0 

0+1 

0+0 

0+1 

0+0 

0+1 

1+1 

0+1 

2+1 

0+1 

1+1 

0+1 

1+1 

1+2 

1+0 

1+2 

1+0 

1+2 

1+1 

2+1 

1+1 

0+1 

0+1 

1+1 

0+1 

1+1 

2+1 

1+1 

1+0 
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Table 7.8. 


TIME (GMT) 

233:13:34:30 
233:18:20:57 
233:18:21:17 
233:18:22:10 
233:18:22:45 
233:20:26:30 
235:18:30:50 
236:12:52:00 
237:17:20:00 
268:00:00:00 
269 STATUS 
324:00:33 

324:00:35 

324:00:52 

326:15:51 

326:15:51:25 

327:01:27:45 

327:16:42:51 

353:12:53:45 

359:15:08 

360:00:24 

363:14:50:39 

363:14:51:03 

363:21:21 

16:16:38:24 

16:16:38:32 

24:11:32:15 

34:12:28 

34:21:53 

36:19:25:16 

39:22:21 


Coolant System Pump Configuration Status (Concluded) 


TOTAL PUMPS 

STATUS (PRI + SEC) 


PRI 2B 

SEC 2B 

ON 

1+1 

PR'I 2B 

SEC 2B 

OFF 

1+0 

PRI 2B 

SEC 3C 

ON 

1+1 

PRI 2B 

SEC 3C 

OFF 

1+0 

PRI 2B 

SEC 2BC ON 

1+2 

PRI 2B 

SEC 2C 

OFF SEC 2B 

1+1 

PRI 2B OFF 

SEC 2B 


0+1 

SEC 2BC ON 

(EVA) 


0+2 

SEC 2B 

SEC 2C 

OFF 

0+1 

SEC 2B (DEACTIVATION) 

0+1 

SEC 2B (STOWAGE) 


0+1 

PRI 2B ON 

SEC 2B 

(FOLLOWING 

1+1 

COOLANOL 

RECHARGE OF PRI 7,0 OP) 


PRI 2BC ON 

SEC 2B 


2+1 

PRI 2C OFF 

PRI 2B 

SEC 2B 

1+1 

PRI 2B OFF 

SEC 2B 


0+1 

PRI 2BC ON 

SEC 2B 

(EVA PREP) 

2+1 

PRI 2C OFF 

PRI 2B 

SEC 2B 

1+1 

PRI 2B OFF 

SEC 2B 


0+1 

PRI 2B ON 

SEC 2B 


1+1 

PRI 2BC ON 

SEC 2B 

(EVA PREP) 

2+1 

PRI 2C OFF 

PRI 2B 

SEC 2B 

1+1 

PRI 2B OFF 

SEC 2B 


0+1 

PRI 2BC ON 

SEC 2B 

(EVA PREP) 

2+1 

PRI 2C OFF 

PRI 2B 

SEC 2B 

1+1 

PRI 2B OFF 

SEC 2B 


0+1 

PRI 2BC ON 

SEC 2B 

(MORE OWS COOLING) 

2+1 

PRI 2C OFF 

PRI 2B 

SEC 2B 

1+1 

PRI 2BC ON 

SEC 2B 

(EVA PREP) 

2+1 

PRI 2C OFF 

PRI 2B 

SEC 2B 

1+1 

PRI 2B OFF 

SEC 2B 

(POWER SAVINGS) 

0+1 



SEC 2B 

0+1 


(RAN SHORT SEC IA TEST) 


SEC 2B OFF 


40:15:00 


0+0 


Table 7.9 Total Accumulated Pump Run Time 


COOLANT LOOP 
PRIMARY LOOP 

SECONDARY LOOP 


i 

f 

i- 

i. 

i ; 




TIME (HOURS) 


PUMP 

PRELAUNCH 

FLIGHT 

TOTAL 

A 

1202 

223 

1425 

B 

1110 

2041 

3151 

C 

1199 

236 

1435 

A 

1223 

210 

1433 

E 

1136 

5926 

7062 

C 

1096 

288 

1384 
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PRI TCVB Outlet (C209) 
PRI TCVB Outlet (C217) 
PRI PUMP AP (D224) 


Flight 

Value 

46. G°F 
46.5°F 
40.9 PSID 


Switchover 

Limit 

38 + 1. 75°F 
38 + 1. 75°F 
18+2 PSID 


Primary inverter 1/pump A was again selected at 140:01:15 
and both auto switchover groups were enabled. At 140:01:34, the AM 
ncolant loop switched from the primary to the secondary loop again, 
ihe temperature and pressure drop (C209, C217, and D224) values were 

* f? 45,7 F > and 33 • 6 P- 10 respectively, well above the switch- 
over limits again. Telemetry was examined and indicated that Auto 

fr ^ 7 °no r n? r ? UP tl Sens ° r circuitr y initiated the first switchover 
t 137.02:01 but insufficient data was available to determine which 
group Initiated the second switchover at 140:01:34. Since the Ruto 
Switchover Group //I Sensing Circuitry was suspect, the PRI-Inv 1/ 

Pump A was commanded on again at 148:14:17 with only switchover group 
l enabled and performed normally with no automatic switchover. 
Switchover was disabled at 149:01:44. It was concluded that the 
switchover group //I was suspect in the primary loop and a decision was 
made that the secondary loop be operated during the storage mode with 
both of its sensor groups enabled and if operation of the primary loop 
was necessary only to enable its sensor group #2. The primary coolant 
loop was operated several times later in the mission with group // 2 
without problems. 

Operation of inverters and pumps was normal except an apparent 
failure of Inverter 1 in the secondary loop which is discussed in para- 
graph C.l. * 


11 * Leakage o f Water From Suit Cooling System //I - During the 
EVA on DOY 359 the gas inlet temperature dropped to 33°F on suit 
circuit number two but the EVA crewman reported he was comfortable. 
This could not be explained until after the EVA, when the commander 
reported ice aL the LSU/PCU composite connector and also said that 
when he disconnected the connector he got a "ball of water in the 
face." It was therefore concluded that the sublimation of the water, 
which was leaking at the composite connector was the reason for the 
low gas inlet temperature indication. The SUS //I reservoir was also 
empty so it was concluded that the water had leaked out through the 
faulty connection during the EVA. The SUS //I loop, a dry LSU, and PCU 
were reserviced with water and leak checked on DOY 361. The loop was 
used for the EVA on DOY 363 with no incidents of leakage reported. 
Later, on DOY 364 during the last EVA of SL-4, one crewman reported a 
1/16 Inch stream of water leaking from his composite connector. Wien 
the reservoir was checked during the EVA, it was found to be 20% full, 
so the crew was told to do the "sneak up" procedure (defined in para-* 
graph C.2. of this section) on SUS #2 and switch the umbilicals to 
SUS 02 should all of the water leak out of the SUS //I reservoir during 
the remainder of the EVA. The EVA was completed, however, and the SUS 
02 loop was not required. 
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12 - Water Spillage Out of the ATM C&D/EREP Lo op - During the 
process of changing the filter in the ATM C&D/EREP water loop at 
148:22:29, the crew reported a slight spillage of water (approximately 
2 to 4 ounces) from one of the water quick disconnects. The crew said 
during the post flight debriefing that the internal plunger of the 
quick disconnect (QD) did not close fully when it was disconnected. It 
was reconnected and disconnected again with nc apparent leakage. 

There was no leakage when the filter was changed again on DOY 165. It 
is believed that the leakage was a momentary malfunction of the QD 
which was cleared up by the connect/disconnect procedure used by the 
crew. 


*3. Malfunction of Suit Cooling System #1 Flowmeter - During 
the second EVA in SL-2 the SUS //I flowmeter TM (F206) became erratic, 
oscillating between 228 and 2S3 lb/hour and dropped to 0 lb/hour 
sometime after 170:12:09. It appeared to have failed for the rest of 
the EVA. However, during EVA #1 of SL-3 on DOY 218, it showed an 
indication again but was oscillating near the same range as before 
and ceased operating at 218:22:12. The SUS #1 system was used for 
the four EVAs during SL-4 as well as for the various "sneak up" pro- 
cedures and the flowmeter appeared to operate properly during these 
periods. 


14. Failure of F214 Flowmeter - During the first EVA on SL-2, 
the primary coolant loop TCVB outlet flowmeter (F214) failed. A 
further discussion of the events occurring at the time of the failure 
is presented in paragraph C.2. 

15. Failure of F212 Flowmeter - During the first EVA of SL-4, 
the primary loop TCVA flowrate (F212) dropped to zero when the second 
pump was activated in the loop. Since no reading was recorded there- 
after it was concluded that the flowmeter had failed. 

C. Anomalies 

1- Secondary Coolant Loop Inverter Circuit Breaker Open - At 
149:01:44 the secondary Inv //1/purap A was turned on by ground command. 
At 149:02:05 the circuit breaker for secondary Inv. 1 opened and at 
149:02:06 the crew turned on secondary Inv. //2/Pump B. To provide a 
different power source to the secondary loop than the primary loop, 
the secondary Inv, //3/Pump C was turned on by ground command. (AM 
Bus 2 powering SEC loop and AM Bus 1 powering PRI loop). The cause 
of the circuit breaker opening could not he determined due to lack 
of data availability. It x*/as decided that neither pump A nor 
inverter 1 would be used as long as other pumps and inverters were 
available or until troubleshooting could establish the cause of the 
problem. A troubleshooting procedure was developed, but was not 
used during the missions since pumps B and C and inverters 2 and 3 


during the Troublesh °° t i"S was performed, however, 

! l " S Perl0d after the splashdown of SL-4. From these 

a soola eHi h termin : d ^ ^ pr ° blei " Bas in the ^eotronios 
associated with inverter 1. Neither pumps A or B would operate when 

P ered by inverter 1 but would operate with alternate inverters. 

Valves'- Thermal Control 

the fi«i toJ" 8 ^ qUBnC8 0t events and anomalies occurred 
01 , rl ® f rirst EVA: llle corresponding thermal control valve B (TCVB) 

outlet temperatures are shown in figure 7-22. U ' 


Prior to 158:13:00 

158:12:59:30 

158:13:26:00 

158:13:26:13 

158:13:26:30 

158:13:26:45 


158:13:29 


Ihe secondary loop was running with 
with Inv 3 /Pump C on. 


The primary loop was turned on with 
Inv 1/Pump A in preparation for EVA. 

Primary loop EVA valve switched to 
EVA position. 

EVA water loops for SIJS //I and if 2 
were both turned on. 

Secondary loop EVA valve switched to 
EVA position. 

Flowmeter (F214) failed in primary 
loop. It is thought that this oc- 
curred as a result of contamination 
flowing through the flowmeter which 
originated in the KVA heat exchanger 
//I or the regenerat ive heat exchanger 
and was released when the EVA valve 
was put in the EVA position. 

The EVa heat load drove the primary 
and secondary TCVB valves to the 
full told position initially , which 
is normal. 


As the primary valve traveled back 
toward an interim position to main- 
tain the 47°F outlet it stuck at 
93 lb/hour hot flow. This also is 
thought to have occurred as a result 
of the contamination released in the 
Bystem when the EVA valve was put in 
the EVA position. 
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158:13:39 


158:13:40 


158:13:40:30 


158:13:41:30 


158:13:42:47 


158:14:15:00 


158:14:16:00 


158:15:52:00 


158:16:05:00 


158:16:10:00 


As a result of a squealing noise and 
a low temperature C&W at the outlet 
of primary TCVB, (T 38 +1.75 F) , 
the crew switched the primary loop 
EVA valve back to Bypass. 

Crew reported when they went to 
Bypass the squealing noise started 
again and they got an EVA 1 Caution 
and Warning light indicating EVA 
water loop temperature below 33.5 
+1 . 5 °F . 

The SUS #1 flowmeter (F206) read 0 
lb/hour probably as a result of 
water freezing in the EVA heat 
exchangers, since the coolant inlet 
to the EVA heat exchangers (C287) 
was reading 0°F. 

The crew switched Primary EVA valve 
back to EVA. 

The primary TCVB outlet dropped down 
to 7°F so the primary loop was 
turned off. 

SUS #1 and SUS #2 water pumps were 
turned off. 

The commander’s umbilical was 
switched to SUS #2 and SUS $ 2 
primary pump turned on so that both 
EVA crewmen were on SUS #2 and went 
EVA in this configuration. 

The STS crewman tried both pumps in 
the SUS //I water loop but got no 
flow. 

The STS crewman turned on the pri- 
mary loop Xnv 1/pump A with the EVA 
valve in bypass. 

The primary TCVB outlet went off 
scale low at 0°F. 
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158:16:17:00 


158:19:00:42 


158:19:43:00 


158:19:46:00 


158:21:51:00 


159 : 01 : 08:22 


Primary loop 
man. 


turned off by STS crew 


nPr , , xuop was turne 

c ui ing LOS, the secondary TCVB 
valve tried to move back to an in- 
terim position to maintain a 47 °F 
outlet but stuck at 225 lb/hour hot 
flow causing the valve outlet to 
drop to 35°F. The crew S ot a cnu _ 

T (SEt; C ° 0L TKMP L0W . 

1 _ 38 +2.9 F), so the secondary 

loop was turned off and the primary 
loop, was turned back on. At this 
time the Mole Sieve fan was re- 
ported to be making a noise and 
there was a Caution and Warning for 
a low gas flow in Mole Sieve A. 


The Mole Sieve A fan flowrate was 
reading 0 CFM probably as a result 
of freezing the condensate in the 
condensing heat exchangers. The 
primary coolant loop was turned off 
and the secondary loop Inv 2 /Pump B* 
was turned on. The Mole Sieve A 
fan was then turned off, on, and off 
but there was no flow. 


The Caution and Warning was trig- 
gered again indicating a low tem- 
perature at the secondary TCVB - 
outlet . 


The Mole Sieve A fan was turned on 
again and there was flow. (The 
condensate had apparently thawed 
during the 2 hours that the primary 
loop was off). 


loop Inv 2/Pump B to off then com- 
mand. The ground commanded the 
Inv 2 /Pump B on. As a result, the 
TCVB hot flow shifted from 225 to 
7 lb/hour and the TCVB outlet 
shifted from 35.4 to 33.0°F. 
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159:01:58:48 


159:02:07:30 


159:02:40:30 


159:02:41:30 


Remedial actions (see figure 7-23). 


Secondary loop Inv 2 /Pump B commanded 
off and on again, but would not re- 
start. 

The crew restarted the secondary 
loop by turning on Inv 3 /Pump C. 

The TCVB hot flow shifted from 219 
ib/hour to 230 lb/hour and valve 
outlet shifted from 33.0 to 34.6°F. 

The crew switched the secondary 
Inv 3/Pump C off and then to com- 
mand . 

The ground commanded Inv 2 /Pump B 
on. The TCVB hot flow shifted to 
210 Ib/hour and the valve outlet 
shifted to 30.7°F. 


159:03:03:16 


150:03:06:53 


159:04:43:00 


The AM and MDA heaters were commanded 
on to add more heat into the sec- 
ondary coolant loop. 

The ATM C&l) was powered up to ap- 
proximately 170 W to add more heat. 

The crew was requested to install 
two liquid cooled garments near 
the warmest OWS water tank and turn 
on SUS loop //2. This procedure 
added enough heat to the hot inlet 
of the secondary loop TCVB that the 
outlet temperature was increased to 
40°F and stabilized at that value. 


The TCVB valve was designed such that a warming of the sensor 
cartridge caused it to expand and provided a positive movement, while 
a cooling of the sensor caused it to contract and the opposite move- 
ment was provided by a spring. By turning off the loop to warm up the 
sensor, the valve x-rauld be subjected to a large force from the expan- 
sion of the sensor cartridge and would likely unstick the valve. This 
procedure was used on hath primary and secondary coolant loops and was 
successful in unsticking both valves as follows: 










160:02:16:34 


160:02:17:46 


160:02:23:23 


160:02:23:58 

160:18:15:00 


160:18:23:46 

160:18:42:41 


160:18:47:30 


The primary loop was turned on (Inv 
1/Pump A) but the hot inlet flow was 
still stuck at 87 lb/hour. 

The primary loop was turned off when 
the valve outlet dropped to 36°F. 

The crew turned on SUS #1 to check 
out the EVA water loop. The flow 
was then 248 lb/hour indicating that 
the water had thawed in the EVA 
heat exchangers. 

The SUS #1 loop was turned off. 

Two pumps (Inv 1 /Pumps A & B) were 
turned on in the Primary loop. The 
outlet of the TCVB returned to 47 °F 
Indicating that it was unstuck. 

The primary loop was turned off. 

One pump was turned on in the pri- 
mary loop (Inv 1/Pump A) to deter- 
mine if the valve would modulate 
with one pump on. The valve outlet 
was 48 °F. 

The primary loop was turned off. 


To assure that the primary loop TCVB valve 
control the outlet temperature within limits during 
ing sneak up" procedure was recommended: 


would modulate to 
an EVA the follow- 


Connect LSU & PCU to panel 217 with the diverter valve in 
position 1. 


Turn SUS Pump on for 15 seconds and off for 1 minute, on 
Cor 30 seconds and off Tor 1 minute, on for 1 minute and 
off for 1 minute, on for 2 minutes and off for 1 minute, 
on for 15 minutes. 9 


w™ , , le tent was t0 add ht ' at to th< ' loop gradually so the 
TCVB wouid not travel to the full cold position and risk it sticking 

ln th * s position. Also, the EVA valve remained in Bypass for this 
procedure and it was recommended that it never be placed in the EVA 
position again since the contamination which caused the EVA //I 
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£SSST WhlCh 

The "sneak up" procedure was used as follows: 


161:13:54:23 


Primary loop Inv 2/Pump B turned 
with TCVB outlet = 47 °F and modu- 
lating. 


on 


161:13:37:00 


Five SUS #1 on/off cycles were run 
according to the "sneak up" proced- 
ure and the valve controlled at 47 °F. 


The secondary loop TCVB valve 
out as follows: 


was then unstuck and checked 


162:16:49:13 


162:22:07:22 


162:22:08:47 


163:14:35:00 


163:14:56:32 


165:14:20:00 


Pump C was turned on in secondary 
•loop so that both pumps B&C were 
running. The TCVB valve was still 

a r d the outlet temperature was 
F. Pumps B&C were turned off. 

Secondary loop Inv 2 /Pumps B&C were 
turned on. 

Secondary loop was turned off as 
40 °F 6 WaS stuck and outlet was 

Secondary loop was turned on (Inv 2/ 
Pump B&C). Outlet temperature was 
47 °F and modulating the flow prop- 
erly. 

Secondary loop Pump C turned off 
(valve still controlling). 

Five SUS // 2 on/off cycles were run 
according to the "sneak up" proced- 
ure and the valve outlet temperature 
shifted to 45.5°F. 


as a 


lnnne . result of the sticking of the TCVB valve in both coolant 
ops, a heater was built and taken on SL-3 to provide the capabilitv 

the a TCVB eat i ^ the , SUS loop and hereby add heat at the hot inlet to 

duringSL V 2 ^ r" USing S® liqUid C °° led S arments as required 
ring SL-2. A heater controller was also provided which would 
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■V-TT H/Tl »> ft 


regulate heat in steps for a total of 250, 500, and 1000 watts by DCS 
command. Figure 7-24 shows the heater power required to maintain the 

valve outlet temperature above 40°F. Use of the heater was never re- 
quired. 

After both the primary and secondary coolant loop thermal 
control valves were unstuck, both maintained temperatures within the 

C °? ^°L band u° f 47 “ 2 ° F * Reviewin S Performance data, however, indi- 
cated that the secondary loop valve was somewhat sluggish. As a re- 
sulc, EVA s were conducted with all crewmen on Suit Cooling System #1 
with the Primary coolant loop until loss of the primary loop due to 
leakage on SL-3. At that time, a decision was made to risk use of 
the secondary loop rather than perform the second EVA of SL-3 with 
only O 2 cooling. 

Tr.ro Th ? SUS l00p was turned on at 236:13:32 and the secondary 

T ^I B t0 be modulatin 8 normally until the SUS loop was turned 

off at22 ^: 21:08: 30. At this time, the valve traveled from a hot 

44 ? lb/h ° ur t0 454 lb /hour (two coolant pump" on) and stuck 

from 47 5°^^! to/ Iea * lt ’ the valve outlet temperature dropped 
from 4 / 3 to 41.7 F as shown in figure 7-25 and stayed at approxi- 

mately this temperature for the remainder of the SL-3 manned mission. 

Ihe temperature dropped to approximately 40°F during the storage 
period when the loads on the system were very low. No attempt was 
made to free the valve as in SL-2 since the valve was stuck in an 
acceptable position and it was found that one time when the loop was 
cycled oft and on to attempt to unstick the valve in SL-2, the valve 
outlet actually moved to a colder position than before. The s-condarv 

° P ™ atSd continu °usly with the TCVB stuck in this position until 
the SL-4 *REP pass on D0Y 12. At this time the higher radiator outlet 
temperature during the Z-LV attitude increased the valve inlet temperature 
and the valve came unstuck. The hot ieg flow was decreased to 144 lb/hour 
during the pass, but returned to the original position following the pass, 
uring the EREP pass on D0Y 14 the valve decreased the hot flow to 0 
b/hour, but again returned. to the original position. Later during the 
EREP pass on D0Y 18 the valve came unstuck again but began to modulate 

following the pass and continued to modulate until the end of the SL-4 
mission. 


rh ® thlrd EVA of Sb “3 was accomplished with G ? cooling since 
the Primary loop did not have sufficient coolant and there was the 

t ^ TCVB ValVS in the ^ondary loop might stick in a 
s desirable position if it were used again during an EVA. After 
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SEC T CVB O UT, °F PRI TCVB OUT 








, 3 .‘ Airlock Module Co olant: Loop Leakaop - At- 917.n7.1n 

lator loiTlimit indicatio n occurred in rhf P ' ~ * 217 • 07:10 accunm- 

analysis indicated slow leaks in ^ lo °P* 

loops. A compressed historv nF i ^ priinary and secondary coolant 
coolant loops P S v ° « 1 °° 1 ™* p “ mp lnl ^ pressures for both 

rr 7? sr^r-s^r 

' l _. / J l .' vtj 7 1 i nLr' ind^a.! : ‘ JI M i " ,| | ‘ : 5° dccreaHe after 
235 • 18 • 31 to nrpvpnt h indication and Lhe loop was turned off at 

t ?r s xr, t,,at ™ 

of°SL-3. l0 ° P Pr ° Vldei1 C " e raquirc-d cooling through the 

interior oTthe vehic"^ 3 ' f? C ”" <-P-U,, the 

identified. However, pos t SL -3 ‘ a^l^iV of “he^co' mt^' 

Tte^J. d The B SL ~ 3 indlCated 3 traCE ° f CO ° lano1 *» the^art ridge 

2.6 to 3.0 PSIA P when r the U cabin let P T eSSUre dro PPP d to approximately 
beginning of If,' Was de Ptessuri 2 ed to 2.0 PSXA at the 

zati^n to 4 9 PSI^ he pumfinfe,-'’ 6 ^ 0 ' 1 - ™ 1 *' ri ** “bin -pressuri- 

c cne Pump inlet pressure slowly increased „ n Hi 

not required: '" eth ° d aPPeart '‘ 1 t0 be '^ble. However, it wue 

to cornu] ete th der i t0 iasure , that adequate coolanol would be available 
0 the Planned SL -4 mission without using the coolanol in 

“ H‘r “ :i:“ "Sri,;-:”;.,.:, 
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Figure 7-27. Coolant System Cool a no 1 Mass 



ngurr7-28 UrC tddiM SCh rf 1C ^ f the reservlci "8 equipment is shown in 

64824 "kslc ,, f , CallS ° f the deslgn can be found ^ TMX- 

tion Report " lab StrUCCures and Mechanical Systems Mission Evalua- 

r , ,, Reservicing of the primary coolant loop was initiated at 
cabin he,; Ration was removed from a coolant line in the STS 

line lfter X t ’ ange i ““ ^ Saddle Valve Was installed on the 

the 35 V Va 63 ° Pened t0 P ressurlze ^e assembly between 

the 35 PSIG H 2 source and. the saddle valve it was found that the pres- 

sure decayed at approximateiy 0.1 PSI/min. indicating that there was 

fhenn 3 W6en the Saddle yalve and the line. However, when 

the QD was disconnected from the saddle valve and the assembly was 

again pressurized, it was found that the pressure decayed at approxi- 
mately the same rate. It was therefore, concluded that the gas leakage 
was not between Lhe saddle valve and the line. Since a leakage on the 
gas side of the assembly was of no concern, the charging procedure was 
continued. The QD was reconnected and the line then pierced with the 
saddle valve. Weighing of the coolant tank before and after the ser- 
vicing procedure indicated that 7.7 pounds of coolanol had been added 
to the loop. (he primary loop was then restarted and checked for 
coolant leakage with both one and two pumps in operation. No leaks 
were observed. The primary loop continued to operate successfully 
throughout SL-4 . The loop leakage rate appeared to be less during 
SL-4 than was seen during SL-3 and no additional recharging was re- 
quired. The secondary loop pump Inlet pressure decreased slowly 
during the SL-4 mission but the loop did not require recharging. The 
secondary reservoir low limit discrete did occur, however, at DOY 
39:07:19 following deactivation of the manned SL-4 mission. 


4. ATO__C MVERKP Water Loop Flow Anomaly - Pump A was initially 
turned on at 148:22:25 during SL-2 activation, and the flowrate oscil- 
lated from 240 to 305 lb/hour. The pump was turned off at approxi- 
mately 148:22 : 36 to change the filter and was restarted at approxi- 
mately 149:13:24. At that time, the flowrate was stable at 244 lb/ 
hour. This flowrate was considerably lower than the approximately 
300 lb/hour which was obtained In ground tests but there was no Immedi- 
ate concern since the Flowrate was greater than the 220 lb/hour minimum 
specification How. 

During, SL-3, at 265:14:39, the crew mentioned they hud heard 
a gurgling sound and heard it periodically several limes thereafter. 

It was reported to sound like high pressure air being squirted under- 
water or a relief valve relieving,. Based on crew description, the 
noise appeared to be located in the area of the ATM C&D/KREP coolant 
pumps. When the crew reported the noise again, telemetry data Indi- 
cated that the ATM C&D coolant flow fluctuated down to 74 lb/hour 
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(see figure 7-29). it was therefore thought that the pump was failing 
which might cause contamination in the loop from the deterioration of 
the pump hearings. Therefore, at 266:16:33 pump A was turned off and 
a new filter was installed. At 266:19:43, pump B was turned on and 
appeared to ho operating properly with a stable flowrate of 231 to 
234 lb/hour. hater at 267:14:45 pump C was also checked out and its 
flowrate appeared to he stable as well, however, the flowrate was 
somewhat lower at 223 to 22H ib/hour. No further use of pump A was 
planned. Since a bearing failure was suspected In pump A, the water 
filter was returned for analysis at the end of SL-3. Results showed 
residue to be 0.2688 grams. This was not significantly different 
from t ho residue found In the two filters returned following Sh-2 
which had 0.4502 and 0.1557 grains of residue each. The major elements 
of the residue following, both missions was nearly the same at 8.9% 
Aluminum, 16.2% Potassium, and 43.7%. Phosphate as PO4. 

During activation of Sh-4 , at 321:23:10, pump B was turned 
on and the flowrate oscillated between 216 to 269 lb/hour before 
becoming stable at approximately 241 lb/hour. Later, at 323:13:50, 
a flow dropout from 245 to 165 lb/hour occurred. Since pump B ap- 
peared to be experiencing the same problem as pump A did during SL-3, 
it was thought that there was a problem common to both pumps such as a 
flow sensor problem, gas in the system, contamination in the loop, 
or possibly tin* system pressure drop had increased enough to cause 
the pump relief valve to open and bypass the flow. An instrumentation 
calibration shift or other sensor failure modes could explain a con- 
tinuously lower flow, however, it did not appear to explain why the 
flow was cyclic in nature. Since all three pumps had flowrates above 
280 Ib/hour prior to Launch, the possibility existed that there was 
more resistance in the system. Also, ground tests accomplished during 
SL-3/SL-4 storage were able to duplicate similar noises to the pump A 
noise by Increasing the system delta P to 25.8 PS ID, opening the 
relief valve. One of the components which was suspected of restrict- 
ing the flow was the KRKP flow selector valve should it have failed 
in an intermediate posit Lon. The loop was therefore turned off at 
324:22:18 while ground tests were run to determine the flow charac- 
teristics of the EREP flow selector valve in various intermediate 
positions so that its flow characteristics could be compared with 
the flight valve's characteristics. Pump B was turned back on at 
329:14:02 and the EREP flow diverter valve was cycled through various 
intermediate positions. Flight results were similar to the ground 
Lasts so it was concluded that the valve was not causing the problem. 
The loop was left on since the flow was more than adequate for coo Ling 
and did not appear to he deteriorating except for the momentary drop- 
outs In flow similar to that shown In figure 7-30. Later at 336:00:19, 
pump 0 was turned on to determine if its lower flowrate characteristics 
might he less I IkeJy to cause the pump pressure relief valve to open 
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Figure 7-29. ATM C&D/EREP Loop Flow Anomaly 










should this be the problem. However, the system continued to experience 
w ropouts periodically with pump C operating. At 347:13:32 the crew 

tlTT^r V 16 l0W delta pressurG light came on at the same time 

lat the fiow dropout was observed on the ground and that there was 
a definite decrease m the pump noise during this period. This sug- 
gested that the problem probably was not a high system pressure drop 
out either gas in the system or contamination which was binding the 
pump. Ground tests were then accomplished which showed that if the 
pump motor should become locked, the pump should not be operated 
longer than 30 minutes to preclude possible damage to the pump. To 
assure that this would not happen during the crew sleep period, an 
operational procedure was initiated at 348:03:05 turning off tiie loop 
cur ng each sleep period. Ground tests were then run with a liquid/ 
gas separator installed in the backup ATM C&D/EREP loop and showed 
that gas could be removed from the water should it be present in 
t e system. As a result, it was recommended that the flight spare 
liquxd/gas separator be installed in place of the filter to remove 
any gas or contamination. The loop was turned off at 352:12:35 so 
that the filter could be removed and disassembled for inspection. 

No microbial growth or solid particles were observed, but some debris, 

1 to 2 mm m six.e, was found in the filter which looked like pieces 
of human skin and when rubbed between the fingers turned to a dry 
white powder. There also appeared to be a considerable amount of cab- 
in the liquid, at the quick disconnects, in the barrel of the filter 
and in the folds of the filte, cartridge. The liquid/gas separator 
was installed at approximately 352:17:57 and after running pump C for 
ij minutes, the flowrate increased to a stable flow of 287 lb/hour 
Pump B was also run with the gas separator in the loop and its flow 
increased to a stable flow of 299 Ib/hour at 352:20:30. It was 
concluded therefore that the gas in the system and possibly some of 
the contamination had caused the flow problems in the loop. 

The system operated normally for approximately 15 days with 
only occasional flow oscillations and a gradual decrease in the con- 
tln ^ s jJ OWl I{: then started having significant flow dropouts again 
on D0Y 002 which continued periodically until the liquid/gas separator 
was installed again at approximately 004:13:15. The flowrates in- 
creased to similar values which were obtained when the separator was 
installed before and the flow dropouts also stopped. Flow dropouts 
were observed again prior to the end of SL-4. However, the frequency 
did not warrant reinstal lation of the separator. 


Pump A was lurnud on at 036:01:17 to determine if it had 
actual Jy failed mechanically or whether the gas in the system had 
caused Its I low to drop. The flow appeared to he normal with no drop- 
outs so it was concluded that the pump had not failed mechanically. 
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In summary, the flow dropouts were not of long enough duration 
to compromise the cooling capability of the system and all scheduled 
operations of ATM and EREP experiments were accomplished. However 
he flow dropouts were of concern since they may have eventually been 
etrimenta! to the pumps if the lLquid/gas separator had not been in- 


SECTION VIII. REFRIGERATION SYSTEM 
A. Configuration 

tlm Refrigera- 

te below ' 59 V 2 ?hfpLrahan°not: S ^ceed e 5^ n F alned “ * 

during the 24-hour period. exceed 59 F For more than 3 hours 




erature of 'urine sampled ^bel!^™ 0 ^, ° f reducin S the te: 

- 2 - s - -<•«« ■ »■«« •" s Xl2t F "" b,1 “ 

below 17°F*for h 22Tours! etUrn C ° ntainer sha11 maintain the samples 

tained at -10 + 10 °f. freezer com P a rtment temperature must be main- 

e. Frost buildup shall not impair food removal. 

ture must be maintained ^t *45 ^ chiller compartment tempera- 

-12 t ‘ 

and water chillLrand^urine fhillfr^ dT**" c ™Partment8, a food 
integral part of an active 1,1 and ,f reezer which were an 
system schematic is shown in f igure^-l 6 ” 1 Alth""", ' A slm P llfled 
shown, the entire cooling circuit was red A * thou ? h onl y one loop is 
circuits were identical and ind“ !d J ed “ ndant for reliability. The 
common utilization of the radiator" m ® aC ? other > except for 
(GCHX) , and thermal capacitor un^I Few C °° lln8 heat danger 
paths for each of the two loops). Thebe' 2 ^ separate coolant 

liquid coolant, Coolanol -15 which ,• utdllzad a single-phase 

components to absorb heat *This Lo/ ° rC , U ated tI,rou feh tbe various 
externally mounted radL tor or he GC^Cused^o^^^f ^ elther the 
a heat rejection component). In gene^fl th 7 Pr± ° r “ launch 33 
Che heat rejection loop segment and the internTC^eg^r 611 ° f 

ted o^hlrfldl^ rejection loop consis- 

radiator (the only heat rpmon/ ’ and ( ’ C Cold P late * The 

S-13G thermal coating (low ^W^obtai ter launch) utilized a 

rejection capability. This 84-ft 2 r^H * nece88ar y 
structure and was mounted 5 ° f- rm h dlat ° r * a8 locnted on the thrust: 

centerline to avoid the incid'nce o^d?re P t ndlC ^ a h r C ° tha aC3 « e 
inertial attituoe. The radl arnr C 8unllght durln 8 solar 

the radiator was octagonally shaped (figure 8 - 1 ) , 
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the radiator edge” rnd S tS a s!i?;s a I vB i - e ( -”' aintaining clearanca between 
assuming a singl ^ ^ 

was protected from the S-II *. pro f lle - The radiator coating 

impingement shield" which was eiertedT 0 ^ lmpin S ement by a "plume 
flowed out of the radLtor though fcoL^ ^ 1 Coolant 

two portions of the GCHX before Line to the rn mou " ted between the 
cold plate served to damnen I h thermal oapacitor. The 

capacitor units. Prior to la. Ui ? te ”P erat cre change rates into the 
and was routed through the GCHX° L. L** C0 ° lant bypassed the radiator 
as well as the urine sample trays and ™of ^f^ef 

changing' wa^po'sKal ' ' stls' (Undelalf f fT TTf ^ 

»r. ond could not b. „„d for h „ t o.S'tf'S S"*')? 1 
temperature reached 15 + 1°F S a control IlrLwt 5 , radiator ^rface 
transducer on the radiator ircuit driven by a temperature 

(f») to the bypass pLIIion leLL'-h^u th ? radiator bypas/valve 
coolant flow was directed oast ^h^rL/^ radiator bypass). The 
the thermal capacitor where hL^r ? lat °~ and throu gb the GCHX to 
the thermal capalilol at essantLTr transferred fr ™ the coolant to 
(the phase chance temperature ol Ihe Undecan! T ^"“f" 8 ° f ‘ 14 - 5 ° F 
surface temperature dropped to 0 + 2°F the r=^ ?*“ * radiator 

transducer caused the RBPV to nneTT t- 1. the tadiator temperature 
full flow of coolant throLwhe Ld? I radlator Potion. allowing 
outlet passed through the thermal car, 3 ?»" Coolant from the radiator 
change wax. During the thawing or freezing L^hrS* 18 * 1 ° 
a constant temperature of -14.5° F was malnLi ? th , ermal ca Pacitor, 
citor outlet. If the radiator out! r Stained at the thermal capa- 
until the temperature of the continued to drop 

thermal £ SpT ^ 

(Ihrough e the°IcS) L fb” tD tha *““1 cantor ' ZTtT * 

pass) . S This S^op^nT (ter,ned " C ° ld " radiator by- 

coolant between the fllsrilrs^ond 111 ^™:! 11 the / a “P era b a re of the 
“12.8 F (first thermal capacitor unit melted 1 ) Sb ±: * 3 reached 
actuated to direct the coolant back thro^h^raSat^ ^ 

such a lLl^\Ttl a lZ±lT h 3Ure r li6f V3lVG (RPRV) was located in 
the radiator, in the Ivlnt ol cooler E 88 , 8 ” 8 di£ ^^i a l across 
could occur when the coolant iTthTraSl '°^ ee ° r near blocka S a . which 
temperature. This occasion nnnl I * adiator was at an extremely low 
ted, following a "c^d C " bypass pfrS! W ” etl ^ radlat0r raa ^a- 


3 * ..Internal Loop Segment . From the outlet of the last thermal 
capacitor unit, the coolant flowed in series through the urine freezer, 
the wardroom food freezer, and the food storage freezer. The coolant 
was then controlled to 39 + 3 F (to prevent freezing in the chillers) 
by means of a 75-watt heater, three regenerative heat exchanger units, 
and the chiller temperature control valve (CTCV) . The 39 + 3°F fluid 
temperature at the outlet of the CTCV was achieved by proportional 
flow mixing of the regenerative heat exchanger outlet, warmed by 
count erf lowing coolant from the regenerative heater. The coolant was 
routed in parallel paths with one path through the water chiller and 
one path through the chilled food compartment and urine chiller. The 
paths then combined and a single path was routed to the pump assembly. 

I he pump assembly consisted of a double two-pump package plumbed 
in parallel for each of the two loops (primary and secondary) . A 
single two-pump package consisted of: two parallel pumps with dis- 

charge check valve, a 53 in accumulator, and a 100 PSID bypass relief 
valve. Two pump packages (four pumps) were in each loop. The require- 
ment tor four pumps was based on a 2250 hour qualification lifetime. 

The pump assembly outlet fluid was routed through a 15— J-t filter, through 
the inverter and heater control cold plate, and to the regenerative 
heater, 'the regenerative heater was provided to en»ure the CTCV outlet 
temperature. A transducer, located between the CTCV inlet and the 
regenerative heat exchanger cold side outlet would cause the regenera- 
tive heater to energize and deenergize as the temperature reached 37 + 

1 F. From the regenerative heater, the flow passed through the three 
regenerative heat exchanger units and then to either the radiator or 
thermal capacitor, depending on the operational mode of the RBPV. 

- c -g-fL tr °l bogie Unit . The RS contained a control logic unit 
that continuously monitored and automatically provided system switching 
to rectify the following malfunctions: 

a. how differential pressure across'" the pump package. If 
the pump differential pressure dropped below 25 PSID, the logic unit 
automatically switched off the active pump and activated a second pump 
in the same loop. The sequence was primary pump numbers 1,2,3, and 4 
and the secondary pump numbers 1,2,3, and 4. Tf the secondary pump 
number 4 was operating and a lav; differential pressure signal was 
received, the logic unit would recycle back through pump numbers 1,2, 

3, and 4 of the primary loop. A 30-second delay in pressure logic was 
provided to allow for pressure buildup after a pump had been switched 
on. 


b. Low pump accumulator liquid level. When any one of the 
primary pumps was operating and both primary loop accumulator liquid 
levels dropped below 5 in , the logic unit would automatically switch 
from the primary loop to the secondary loop (pump number 1) . When any 
one of the secondary pumps was operating and both secondary accumulators 
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were sensed low, the logic unit would automatically cycle back to the 
primary loop (pump number 1). If loop switching occurred, there would 
be up to a 2 minute delay before the accumulator low-liquid-level 
monitor was enabled. 

c. High freezer inlet temperature. The logic unit switched 
to the secondary loop (pump number 1) \tfhen a primary pump was operating 
and a temperature of 1 + 1°F was sensed at the wardroom food freezer 
inlet. 


d. Low chiller inlet temperature. The logic unit switched 
to the secondary loop (pump number 1) when a primary pump was operating 
and a temperature of '3.5 + 1°F was sensed at the chiller temperature 
control valve outlet. Wien a secondary pump was operating and a low 
CTCV outlet temperature was sensed, the logic unit switched back to the 
primary loop (pump number 1) . 

e. Out-of-tolerance logic power supply voltage. The logic 
unit switched to the secondary loop (pump number 1) when the primary 
loop logic power supply voltage was not within the tolerance band oT 
5.0 + 0.45 volts. If the secondary loop was operating and an out-oO- 
tolerance condition existed, the logic would transfer to pump number 1 
of the primary loop. 

The RS logic unit allowed only a single pump to be operating at a 
given time; therefore, if a pump other than the active pump was switched 
on, the logic switched off the previously active pump. The RS logic 
unit also provided signals to the following OWS control and display 
(C&D) console panel 616 malfunction indicator lights for both the pri- 
mary and secondary loops; 

a. Pump low pressure 

b. Accumulator low 

c. Inlet temperature freezer high 

d. Inlet temperature chiller low. 

5 - Act? vat ion . Temperature control of the RS was initiated 

a short time before the mission food supply was placed in the OWS, 
while the OWS was in the Vertical Assembly Building. A coolant pump 
was activated, and the RBPV was actuated to the bypass position. Heat 
from the RS was transferred through the GCHX to a ground cooling cart 
by way of umbilicals. Just prior to lift-off, the coolant (ethylene 
glycol and water) was purged from the ground loop and power to the RS 
primary and secondary logic systems was disabled, causing the operat- 
ing pump to be deactivated. 


H-fi 


Y 


WM FOll ;; WlnS 3-11 sta § e separation, the RS radiator shield was 

Soss 

SX 5 ^T^LT 

Normal operation and control of the RS during habitation tt« q 

ss b v h - M “u« aifSSTbTa. 

y i 7 ° loops and P um P a ln the event of anomalies. Visual 
isplays along with RS pump switches on panel 616 of the OWS r&Tl r.™ ^ 
provided crew monitoring and backup control capabilitSa. * 

the entire S m?s«r ed 1 -' :0 the PUmpS in 3 3 P ecific sequence during 

Che entire mission to avoid exceeding 2250 operating hours on anv one 

prior to U loadi m p e f 1 ** Ji he P rimar y loop was manually turned on first, 
prior to loading frozen food into the freezers. The rest of the olan 

„ * number 1 to be manually turned off, and pump number 2 auto- 

ly l turned offend" daya . ^ SL ~ 2 - Pu “P 2 was to be manual- 

ning o? SL-3 ’ p£fj P ump . nun * er 3 automatically turned on at the begin- 
nmg or bL 3. Pump number 3 was to be manually turned off and n,I 

number 4 automatically turned on at the end of SlTal regain in 
operation until the end of qT -4 ™*-r Q , , remain in 

in paragraph B.5 of thL sectiol ^ ^ *“ 33 dlscUasad 

B. System Performance 

, 1 ‘ gi Pge Shield Ejection . The frozen food was stored in the 

SL-1 on S May lT T 110) ’ 24 ^ prior the launch of 

1 on May 14 (DOY 134). As mentioned ef flier, the preflieht oredin 

“°n ° f the PS radiator surface temperature .ecrease was usfd to deJer 

for e the e + n 3 e fiEma “ "df^ de f iSOn si S nal - The Predicted temperature 
anrl nn 7 L ? lf? conditions is shown in figure B-3 for both jettison 

?hf ^nitill ThS fHSht d3ta 13 also sh °™ «> the c Urve ." 

The initial shield jettison signal occurred at 10 minutes after lift- 

thI’+3 S a ?gma n shield h l 3UrfaCe t6mper3 ture was greater than 

Che +J sigma shield jettison curve at the Carnarvon (CRO) and 

H noywckU Creek (HSK) ground stations, therefore, the backup signal 

off san over ( '°ld 8 tone (CDS) at approximately 94 minutes after lift- 


the fliahr^^f ^ ba ^ u P al 8^1 was commanded, the comparison of 
the flight data and prediction in figure 8-3 Indicated that the shield 
jec ion occurred at the initial command since no discernable change in 

the bark, 0nse f f 1 ® radiat ° r surface temperature occurred at the time 
the backup signal was commanded. 
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de “ ease in the radiator surface temperature 

other Material 0 trailing «“ 'T* * ^ PlUme shield or 

tor's ,hI I bailing the radiator, and partially blocking the radia- 
tor a view to space. Howeve.-, the -xact cause of ihe difference has 
t been identified at this time. It should be noted that due to the 

th ligI n- d r ta r the Prefllght prediction- foJ' 

lessly commanded ! fllght > the backup ejection signal was need- 

aSff szarvsa .“ss^ur- 

tion signal device should have been incorporated, ' J 

1 hour'aftlf lift 0P rt a ns -', ™ S act ivated approximately 

, ln j . _ P off ^ 15 minu tes later than analytically predicted) 

(figure s!« th " P ? Ct " d wUhln 10 hours aftar the launch 5 
k u ? thGrmal capacitor performed as expected after the 

latent I Y f r 8 t0t:al syHtem heat load without depleting its 
deactivated ? °ln H c “^ b , lllt 1 1 “ r « *'*« 1-hour period the'radiator was 
exceeding -14. 5°F ^‘‘figure 8 5 C,,p “ Cit0r ° Utl f temperature (C7279) not 
ture was maintained less than"-20F 

iT rRed (fro r n) 3 --“^nch'r sr&r*- 

4 hours! 3rmLutL Pa r f t:r C Hft-off) th %f s ^ d e ^^roximately 

L ad !: tor Th a L d rr 1 r pac ! cor 

coating properties ( a/e equal to 0.25/0.887) . Figures 4-33 through 
si;yLb h ^si t oL: arlatl0n in 6 anSle ° Ver the dura “- ° f the th^^ 

awav I1U Th! 8 1o ODSt F° f I 3W ’ the “i'-rometeoroid/themial shield was torn 
way. The loss of the meteoroid shield exposed the eoldized kanton m 
the cylindrical walls of the Skylab to the space environment. ?he 

Tltti 'FTS Che kapC ° n are sucl > that more heat ^absorbed, 
lting in high internal OWS temperatures (figure 4-33): the heat 

:;tr k Cl “ t0 al " ,0SC i00 ° Btu/hoar before th^ decent 
i , -i » S , erTnal s{ ’ ie l d (parasol). The normal storage mode heat 
load would have been approximately 1200 Btu/hour for an OWS environ- 

exc ed^^Oor^hf ru\ ^ “~t temperature 

exceeded 120 F, the radiator was capable of removing the system's 

absorbed heat and maintaining the warmest frozen food compartment below 

heat load f?n ?/ >- ^ he / adiator was ab ^ to reject the increased 

condi^s^^^ 

pass continued to occur each orbit until DOY 136, 2 days after SL-1 7 

, t !’ e Pf. “~t temperature had increased suj, 
that, on DOY 136, the high heat load allowed only one "cold" radiator 

bypass for every two orbits. Following SL-2 crew arrival, the increas- 
muL load as a result of the activiatlon of the OWS ventilation fans 
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Figure 3-4. 


RS Radiator Right and Preflight Predicted Performance Following SL-1 Launch 







GROUND ELAPSED TIME FROM LAUNCH (HR) 


Figure 8-5. R$ Thermal Capacitor Flight and Preflight Predicted Performance 
Following SL-1 Launch 







yysj-i r-' 

ment of the parasol shield. On DOY 14ft foil* ■ P J r t0 the deploy- 
the parasol, the OHS internal temperature had ZroLlT ° f 
heat load on the RS) enough to allow ^old" adi JnrV the 

again occur every orbit Bv nOY Kfi ,u dxatoi bypasses to once 

Of the warmest food fre^er comLJt^n^ ? r “ tal avera S e t™P«ature 
remained until the anomaly o T , dr ° PPed tD ~ 5 - 0Ol? "here it 

The 11 ERIiP maneuvers perZLHy hV^zZ^ZV' thiS secti ° a > • 
UOY 150 through 165 had a netlie wf.ff l « ew during the period from 

ment temperatures. Although "such mi GC ° n the frozen foocl comport- 
radiator's thermal P X 1“ SerVetI t0 Crease the 
"hot" bypass. The eomnarison l’ T "T 6 Severe enou 8 h t0 initiate a 

for the relationship "between "radiator ^ ^ 

given in figure 8-6 indicated that the radiator's, ^ te “P era£ “re 
bilities were as predicted Radii tor j 3 heat rejection capa- 

test conditions (Radiator inlet t"mn P ? rformaace da£a ^om different 

=rs 

»o„ U hchlcalcd r J . ' n “ ™™ which raeulced l~ 

cc.c~c.cio,, z,'Zu ** * *“; r ’r " 1 * 1 

In figures 8-8, 8-9, and 8-10 ^ \ f comparison, shown 

mance was as a^t ic^ated L a’rL^lt of earlier 6 RS the ™ al Perf ° r - 
The difference between the maximum and '^rZT 
erature and the flight data In figure 8- 8.^/ “ . surface temp- 

between the surface temperature v t-\ 8 due t0 the diff erence 

model node) and the sensor temper f out3et (analytical 

the radiator tube fin. P Ure ocated behind the surface on 


°0 «« aPPrOXimate1 ^ 173:02:02: 

paragraph VII r r i th* ~ I? RS ‘ F ° r reasons be discussed in 

deactivation) ^and \a ter Confirmed 8 (fol T* 6 * 2 *" 6 ^ < fnm ° 0Y 173 “ ^ 
ing) to be the result of a Rowing the end of mission test- 

Fol lowing the anomaly, an automat Lc^ltch^o^h^ (RBPV) 

coouSr ^' ,e i OOP *^ ha loop radiator 

which gave an acceptable heat rejection capabilitv avera R e ^ 

compartment temperatures were more sensitive to 0w< ? free;!er 

erature changes after the RBPV anomaly due fllT 


b-12 


s RADIATOR COOLANT OUTLET TEMPERATURE ( Q F) 


Flight Data: 

A Day 141 (8:45-10:22) 

□ Day 145 (18:18-19:59) 
Zl Day 136 (18:27-20:05) 
0 Day 147 (18:53-20:32) 


FLIGHT DATA DURING 
ORBITS OF CONTINUOUS 
RADIATOR FLOW. 



Calculated 


ct/e= 0.25/0.887 

ORBITAL AVERAGE HEAT FLUX - 31.6 BTU/HR-FT 
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Fiqure 8-6. RS Radiator Slight Data and Thermal Model Comparison 





O HS-19-1C Steady State Test Data 
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H IIS- 19-1 Transient Data 
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Figure 8-7. RS Radiator Flight and Test Performance Compared to Thermal Model 
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recirculating in the internal portion of the loop. The relationship 
between the freezer inlet temperature and OWS internal temperature is 
8-11 for habitation and storage. The system heat load 
as a function of internal temperature is shown in figure 8-12 The 
data of figure 8-12 illustrates the difference in the relationship 
between the RS internal loop components and the average OWS internal 
temperature after the DOY 173 anomaly. 


4 * Zreezer and Chiller Performance . A history of the freezer 
compartment temperatures of the RS during its entire period of activa- 
tion is shown in figures 8-13 anti 8-14. These temperatures, which were 
good indicators of overall system performance, were shown to be more 
sensitive to vehicle attitude changes after the anomaly in the RBPV 
than with the normally functioning valve. The system was seen to be 
capable of maintaining the freezer compartments below their specified 
upper temperature limits during all normal operational modes (even 
though some ERISP's near the end of SL-4 maintained an approximate 7.~ 
Local. Vertical (7.-LV) attitude for a full orbit). 


The upper temperature limit of 0°F for the frozen food allowed a 
maximum storage period of 360 days, as shown in figure 8-15. Storage 
times at various temperatures are also indicated on figure 8-15. Tire 
percent allowable remaining food stowage time as a function of the time 
of year is shown in figure 8-16. The specified limit (360 days at 0°F) 
is shown along with the actual percent time remaining curve if the RBPV 
failure had not occurred. As shown by figure 8-0.6, the actual remaining 
stowage time began to decrease after the RBPV failure. However, since 
the food temperatures recovered to a lower temperature than before the 
RBPV failure, then the allowable food stowage time increased. 

The chillers were unaffected by the RBPV anomaly as a result of 
the chiller thermal control valve (C'L'CV) continuing to maintain an 
essentially constant temperature coolant to the chillers. The CTfiV 
coolant outlet temperature was seen to show slight dependence on the 
OWS environment temperature and operational mode as illustrated in 
figure 8-17. 

Crew complaints concerned: (a) the ice buildup on the surface be- 
tween the freezer compartment doors which impaired the latching of the 
freezer doors to such an extent that the ice had to be removed period- 
ically (possibly due to door seal damage in SL-2) , (b) the inconven- 
ience of the inner doors on the food freezers and chiller (figure 8-18) 
and (c) the absence of a canister restraint assembly in the food chiller. 

5 * Pump Performance. The planned pump operation sequence was 
given in paragraph VIII.A.5. Due to the delay in the SL-2 launch, the 
switch to the second pump was made on DOY 160 instead of DOY 149. Pump 
2 ran until the anomaly on DOY 173. The system was switched back to 
the primary loop pump number 1 on DOY 173 and remained on that pump 
throughout the mission. The pumps were not switched as planned after 
the anomaly due Lo the possibility of further radiator flow degradation. 
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HEAT LOAD (BTU/HR) 



Figure 8-12. Total RS Heat Loading 
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, t , Prlmar J ^°°P pump number 1 accumulated 7270 hours running time 
which exceeded the qualification life of 2250 hours. Review of the 

D^Lb StT 1 * 1 ? 1 Pre f ure ’ ^“ted no performance degradation. 

, nn “ g SL 2 > 'P r:lnal 7 l0 ° P ’ pump nun * er 2 was operated for a total of 

nnrnb ° U 1 B Wlth "a degradation in performance. Secondary loop, pump 
number 1 operated 367 hours preflight and 2 hours during SlA. 

Evaluation of theRS pressure and temperature data through the 

ase 4 from Sl °tb nd Jr ted there WaS "° detectabl e Coolanol 15 leak- 
ed a ™ he primary ° r secondary coolant loops. Figures 8-19 

RS loon° “a Pl u tS of , 10-da y average leakage tracking data for both 

error" and ar/wM?’ 1o ° PS bave essentially constant "measurement 

11 Wlthin the band of measurement tolerance. The RS 

in fact COnslda f bl y laaa ^an the allowable 12 in3/ yea r and. 

In fact, no leakage could be detected from the data. 


The method of predicting RS leakage was: 


wp-fahi- t a ‘ The loo P P um P ±nl et pressure was calculated based on a 
weighted average loop temperature distribution from flight data, and 
the known accumulator performance. 

fllsht- rpnL B i hiS calculated pump inlet pressure was compared to the 

f o ^ ^1 7 r: SS ^* The / Ve r 8S ********** based on sampled 
ta for DOYs 176 to 219, was found to be 2.967 PSI lower than flight 

pressure for the primary loop, and 2.25 PSI lower for the secondary. 

The "lower band of measurement tolerance" shown in 

andTo 3 MI “ ±nCluded the pressure transducer least bit error 
°; 3 PSI pressure transducer repeatibility. Data above this 

coolant lefkage? EaSUrSment t0leranCe line " ^-ted no detectable 

- a 6 ‘ _ - n f di ^ h \ 5 y stein Modificati ons. The possibility existed after 

bypassT^ that . th ® system could Improve to a point such that the col 

w llTlh \ t T iSS - red * Slnce the °^±nal failure occurred 

j th f system switched back to the radiator mode from the bypass 

mode, the possibility of a repeated failure existed. To avoiFthls it 

activaM° Sed A° ° PE ? th£ RBPV controller circuit breaker (C/B) on SL-3 
o °% A c 01Tl pi ete analysis was made to determine the coldest 

.eration of the system with continuous full radiator flow (in the 
event that RBPV bypass poppet completely closed). The results of the 
analysxs indicated that the food freezer could reach -30°F, producing 
some condensation on the freezer external surfaces, Based on these 
studies and to avoid the reoccurrence of the failure, the SL-3 crew 
opened the primary loop RBPV controller C/B on panel 611 on BOY 209. 
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rr? srsn Cp di« cuiari7 «» 

dual loop operation was- suggested CnmL l dlflcat:i - 0 n to provide 

freezer cou dd be decreased 2 toVr 1 ^ 5 ^ 113 ? Showxi that 
tions and further that if both 7nn^ 0 o 3 F with dual loop opera- 

in their original failed configuration^!, ° peratins with their RBPVs 
maintained at -2°F. Thereforef on VOY frEeZer could ^ 

tion, the crew removed the electric- 1 d ? prlor t0 SL ~ 3 deactlva- 
loop logic. This modification not only al?, pr0vided the inter- 

but also removed all automatic loop switching? d ? al l0 ° P °P erat ion 
formance changes were observed as a result f 1 ° gic< N ° system per- 
operation. “ as a resul t of the cable disconnect 

ground controllld^estrVfThTfs wtr ^ ° f SL ~ 4 mlssi °n, 

^re to (a) assess the failure in Z Perf ° OTed - test objectives 

the performance of both loops by troubles^' l0 ° P ^ (b) lm P roVe 
these objectives , the following test sequence t*"*’ T ° Meet 

a - operate both loops simultaneously 
h. Secondary loop only operation 
c * Cycle primary loop 

d. Cycle secondary loop 

e. Primary loop bypass flush 

f. Secondary loop bypass flush 


g* 

h. 


Operate primary loop in radiator mode 
Operate secondary loop in radiator mode 


RBPV control logic^ircui^breaker ^TheTr primary loo P 

that s r°coid" h^f-™ 

prior to SL-4 activation this anti” SenS f? durin S the storage period 
prevent the secondary loop RBPV fromtaitl the logic memor y and 

■node. When the crew performed these fu ^ 7 8tartln S i" the bypass 
primary loop differential pressure tZV?™ “ 039:03:52 GMT, the 
shown on figure 8-21, and ?he the™^ approximately 4 PSIl) as 

in figure 8-22. These cLngL we™ tD melt “« »•« 

coolant flox-7 rate attributed f*n mm stive 01 . reduced radiator 

- «■"- b..n d«. «”»■ T„, a» 

1,r " d *• —<« 
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Figure 8-22. RS Theraa] Capacitor Temperatures During SL-4 Deactivation and 
Post-Mission Testing and Verification, Start of Testing 







initiating a bypass signal causing the RBPV to attempt to configure 
itself to the bypass position. Approximately one hour following the 
closing of the circuit breaker (039:04:56 GMT), the radiator coolant 
flow abruptly increased as shown from the rise in the differential 
pressure (figure 8-21) and the decline in the thermal capacitor coolant 
outlet temperature as shown in figure 8-23. This increase in radiator 
coolant flow to its previous magnitude was the result of the RBPV 
attempting to configure itself to the radiator position (radiator poppet 
unseated and bypass poppet seated, figure 8-24) as a result of the logic 
sensing a temperature greater than -12.8°F at the outlet of the first 
thermal capacitor segment. 

The actual post-mission tests began at approximately 039:17:13:30 
GMT with the enabling of the secondary loop. The results of the end of 
mission tests are given in the folloxcing paragraphs. 

The secondary loop was operated simultaneously with the primary 
loop until approximately 039:19:59:00 GMT. The test results indizated 
that the secondary loop RBPV bypass poppet was effectively full open. 

The warmest food freezer temperature decreased from -8.0 to -il.0°F 
after secondary loop activation. This compared favorably with the 2.5° 

F temperature decrease predicted by computer analysis assuming the^by- 
pass poppet was fully opened. 

At approximately 039:19:59:00 GMT , the primary coolant loop was 
deactivated and the secondary loop was allowed to continue in operation 
for approximately 3 hours and 50 minutes. The test results again 
indicated that the secondary loop RBPV was in the same configuration 
as the primary loop RBPV at the time of failure (bypass poppet effect- 
ively full open). 

The primary and secondary RBPVs were cycled (radiator mode — 10 
second/cycle; bypass mode — 10 seconds/cycle), and then each loop was 
operated in the bypass mode to flush the bypass poppets. The results 
of these tests indicated no improvements in performance. Furthermore, 
it was not possible to obtain full bypass flow in either loop, since 
the required differential pressure of 37.5 PSID was not observed 
(figure 8-25). 

The system differential pressures during the '‘bypass" operation 
did not follow the same trend in each loop (figure 8-25 and 8-26). 

The primary loop system differential pressure was lower during the "by- 
pass" mode than during the "radiator" mode. In the secondary loop, the 
system differential preseure was higher during the "bypass" mode than 
during the "radiator" mode. In explaining the above situation it is 
useful to keep in mind the following conclusions from the earlier 
discussion of th' end of mission testing: 
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Figure 8-24. Radiator Bypass Valve Schematic (Radiator Mode) 
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a. 


^ , , A “ rad ^tor poppet in each loop fully opened in the 

radiator mode since the radiator event light was triggered. 

, b - Ful1 b yp® ss flow was not attained for either loop because 
the bypass pressure difference was less than 37.5 PSID. 

. , c - The hypf 3 P°PP et in each loop did not close in the radia- 

tor mode because the flow through the radiator was less than 100 percent, 

Items a. through c. may be summarized by the following: The radia- 

tor poppets in each loop fully opened and neither poppet in either loop 

da™ 1 ™ ' COUld bave b r n tbat the b yP 2ss P°PP et in the secon- 

dary lo°p was frozen or stuck" with little motion in either direction. 
This was indicated by the increase in the system differential pressure 
n the bypass mode position (the flow area through the bypass flow 
passage remained constant, the coolant flowrate increased). Since the 
system differential pressure decreased in the primary loop in the by- 
pass mode, it may be that movement of the radiator poppet forced the 

^ aSS J ?° PPet further awa y from lts seat (but not far enough to allow 
he radiator poppet to seat). Following the completion of the tests 

no 17 coolant loop was disabled for the final time at 040:05: 

09:12 GMT; primary loop, 040:06:22:47 GMT. 


G. Anomalies 

The only anomaly of the RS involved the radiator bypass valve and 
occurred during the deactivation of SL-2 at approximately 173:02:02:00 
. . The effect of this anomaly on the thermal performance of the 
system is iLlustrated in figure 8-27. Note from figure 8-27 that the 
anomaly occurred at the time of radiator reactivation following a "cold” 
radiator bypass period. The pump differential pressure dropped abrupt- 
ly by approximately 5 PSID. The radiator surface temperature near the 
coolant outlet port was greatly reduced in the orbits that followed. • 
bince this sensor was an indication of the temperature of the coolant 
at the radiator outlet, reduced radiator coolant Flow was evident 
(maintaining all other parameters constant, decreasing the radiator 
coolant flow rate decreased the coolant temperature at the outlet of 
the radiator). Reduced coolant flow through the radiator eventually 
resulted in the depletion of the thermal capacitor (figure 8-28) . The 
depletion is indicated by the increase above -I4.5°F of the capacitor 
outlet temperature (C7279) . A rapid rise in the freezer compartment- 
temperatures followed. The magnitude of both the thermal capacitor 
coolant inlet temperature and the system differential pressure after 
the anomaly indicated that split flow existed (coolant flow through 
the radiator and GCHX simultaneously) . Malfunction of one of two, com- 
ponents only could have resulted in split flow— the radiator pressure 
relief valves (RPRV) or the radiator bypass valve (RBPV) . A review 
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Figure 8-27. RS Anomaly Effects 
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Figure 8-28. Depletion of RS Thermal Capacitor Following Anomaly of DOY 173 
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or^urp H^W differential pressure (figure 8-27) indicated that the 
pressure difference was not great enough to open the relief valve 

ha't hf ! ; a H0WeVe , r ’ the P ossibili ty existed, although very slight, 
that the instance peak pressure was missed due to data sampling rates 

owever, the end of mission test results verified that the pressure 

a ff« edT uT C ° nslstant with a failed radiator bypass valve not 
„„„ * led rad i at ° r pressure relief valve. Lass than 3 hours after the 

a higWreez r aUt0matic lo °P switching logic sensed 

15 f ll C0 ° lan ^ inlet temperature and disabled the primary loop 
and enabled the secondary loop at 173:04:50:00 GMT. The secondary 
loop ran until 173:05:25:00. After finding the secondary loop tohave 
ferenM^ y f the Primary (based on the decreased system dif- 

enablef H T* manually dlsabled and the primary loop was 

a „ bad ' The secondary loop was enabled again from 173:05:47:39 to 
±/J .05.57.56 for a further system differential pressure check. 

... 1 ™ a f iona wera taken after the anomaly in an attempt to regain 

the thermal performance of the as. The first was to pitch- the veficle 
45 about the Y-axis so the radiator would receive direct solar flux, 
of eh? 1 3Urface temperature is shown on figure 8-29. The purpose 

“hat r S ±nCreaSe the radiat ° r temperature in the event 

SdLr ** SS E t0 coolant freezing had occurred. After the 

was r ^ su ^ faca temperature increased to - 20 °F, normal vehicle attitude 
was restored. The impact of the pitch maneuver on the secondary loop 
was checked from 173:07:39:42 to 173:07:43:23. No improvements were 
observed at that time. However, more detailed data analysis indicated 

dlsM r r em a nt f. P rimary lo °P occurred when the primary loop was 
sabled and enabled, during the secondary loop check at 173:07:39:42. 

e second action taken to restore the RS performance was to cycle the 
bypass poppet ot the RBPV by enabling and disabling the loops in rapid 
succession. When the loop was disabled, the control logic would acti- 
vate the loop s RBPV to the bypass position. Thus pump cycling would 
serve to cycle the bypass poppet of the RBPV, aiding in trash removal 
rom the bypass poppet seal or in trash particle compaction in the by- 
pass poppet seal (either would allow the poppet to move closer to its 
seated position). 

The system differential pressure and the thermal capacitor inlet 
temperature during this time is shorn in figures 8-30 and 8-31, Also 
ndicated in figures 8-30 and 8-31 are the periods of primary and secon- 
ary loop operation and cycling. The system differential pressure and, 

Lo a lesser extent, the capacitor inlet temperature were used as 
indications of performance improvements. An increase in system dif- 

pressure and a decrease in capacitor inlet, temperature would 

V 7 " ! q tnc ™ 8 ®‘ ^ Viator flow. The primary loop cycling began 

aL 173.18.27:49 and ended at 174:10:50:20 after 105 cycles. The secon- 

tn r ii 7 ^ 9 ? nf^ Per tf Ed flVe tlmee dur±n S period from 173:20:00:18 

and^ended "at *174 : 09 ^14^40 ’after " 28 Cycles . b08al “ ^ 174:01:45:05 
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Figure 8-31. RS Performance During DOY 173 and DOY 174 










A second, improvement in the primary loop occurred at approximately 
173:22:45:00 as a result of loop cycling. No improvement in the sec- 
ondary loop was observed. 

Cycling was discontinued at 174:10:50:20 because of the improve- 
ment in differential pressure and the frozen food temperature had 
begun to decrease as a result of the second improvement (figure 8-32) . 
Computer analyses indicated that the frozen food compartments would 
have reached a temperature of approximately 30°F if these improvements 
had not occurred. A further decrease in the temperature of the freez- 
ers (below 0°F) occurred after the second improvement in the radiator 
coolant flow rate. However, as shown by figure 8-33, this decrease 
in the system temperature was the result of the decrease in the OWS 
environment temperature which resulted in a decreased heat load on the 
RS. 


Computer analysis revealed that the malfunction could be simula- 
ted by an effectively fully open bypass poppet in the RBPV (earlier 
tests had shown that the bypass poppet of the valve may be only one 
quarter of the way open and yet bypass as much coolant as when fully 
open) with the radiator poppet in the radiator flow position. The 
radiator surface temperature and the capacitor outlet temperature 
simulation results are shown in figures 8-34 and 8-35, respectively. 
With the bypass poppet in this position, only about 20 percent (orbit- 
al average) of the total coolant flow rate (assuming a total flow of 
130 lb /hour was allowed through the radiator. The radiator coolant 
flow after the anomaly varied over an orbit period due to the variation 
in heat flux on the radiator's surface over an orbit. 

An extensive test program was initiated after the anomaly using 
the RS qualification test (HS— 19) unit. The purpose of the tests were 
three-fold. (a) To try and duplicate the failure using the flight 
data and the SL-2 deactivation timeline, (b) to determine the system 
capabilities with the split flow, and (c) to determine the cause of 
the malfunction within the valve. The HS-19 system tests were not able 
to duplicate the failure. However, a RBPV did "stick" in a component 
bench test (due to contamination) and was freed after approximately 
16 cycles. The tests to determine the decreased system performance 
indicated that the RS could maintain the upper food temperature limit 
of 0°F. 

A third improvement (although small) in the primary loop radiator 
coolant flow rate was evident from a comparison of flight data taken 
before SL-3 activation (but after the second RS improvement) and after 
SL-3 activation. Figure 8-36 shows the thermal capacitor coolant out- 
let temperature plotted as a function of the RBPV coolant inlet temp- 
erature for these two periods. Note from the figure that the improve- 
ment apparently occurred at the time of SL-3 activation (D0Y 209) . 
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^^ nSl ?. effec £ s 0n the at >sorbed radiator heat flux were ignored in 
plotting figure 8-36 since it had been determined that the RS radiator 

SJS'S'gLjrrirs t “ ,i * 6 »5s. »“« «£ £. 

f figure 8-36, the heat rejection capability of the RS was 
f 8 a , a f™? 10 ", <* MPV coolant inlet temperature (figure 8-37) . 

SL-3 activItion arl It S i OWS f? lmpr °^ ed heat rejection capability after 
, n = ; n0t knowtl what uuused the improved RS perfor- 

nce after SL-3 activation. However, the SL-3 crew did open the nri 

^consfleT r tr °V 0 S lc C ™ break - - panel If ffthe 0T7S 
CM console during activation. It is interesting to note that after 

he closing of this breaker during SL-4 deactivation (before post- 
mission testing and verification), the performance of the RS did 

but not to the ievei just prior to 

Following the RBPV anaomaly of DOY 173, the secondary coolant 
d 1 fLr%r f Vated for , the first time . The secondary loop pump 

CfiSU f 8_38) 3nd radiat °r surface temperature 
identical the secondary loop to be operating essentially 

identical to the failed primary loop. Re-evaluation of the preflight 

wn,^ n a™ the ES at KSC reyealed that those tests performed 
f tffflff det ucted a malfunctioning RBPV. Therefore, launch 
with a failed secondary loop RBPV was a possiblity. 

that the 1 secnn, the Primary loop, it was assumed 

hat the secondary loop had remained in its original failed operation 

day at S 14 M 3f GST Wa thr r± f ed fllSht data ° n D0Y 222 ' • 'this 

aay at 14.31 GMT, the primary loop was deactivated and the secondary 

tl°: P RBp a v if iVat rf Wlth the lntenti0n 0f CYC11 “S tha Css poppet of 
“ , RbP y ln an attempt to improve the secondary loop's performance. 

® !j ad baen done with the primary loop. However, in this instance a 
thod of operating the bypass poppet of the RBPV in both positions 
with coolant flow had been devised (when the bypass poppefof the 

waff 7 l0 f f f W3S cycled b Y P um P deactivation/activation, there 

ThL If ff f2ow . when the bypass poppet was in the bypass position) . 
This method involved enabling and disabling the loop with time as a 

,™ factor 111 a manner so as to preclude the normal operation of 

activate fff 1 1 ? S1C ‘ CwhSn a loop is disabled, the control logic 
lvates the loop s RBPV to the bypass position). Only at the begln- 

RBPV bfine e i Pr f 0Sed a? yC ' Lln f' 1 I,er:tOd W3S there any dedication of the 
RBPV being in the radiator flow mode. At the time, it was thought 

that the secondary loop RBPV "talkback" switch had malfunctioned. It 

wa H not until the post-mission testing and verification that it was 

vf if for tlf » 10 daC " f? secondary loop operation on DOY 222 was 
valid for the bypass position of the RBPV (on DOY 222, it was not 
known that due Co the anomaly a flow split would also exist with the 
RU1V configured to its bypass position). As it turned out, post- 
mission testing revealed that the system differential pressure was 
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SECTION IX. GROUND THERMAL AND FLUID CONDITIONING SYSTEM 


I.he Ground Thermal and Fluid Conditioning System consists c-F the 
puiges and active coolant loops used to maintain required thermal con- 
ditions for equipment and vehicle compartments prior to launch. 

Pre-launch purging was provided For the AM/MDA habitation area, 
Payload Shroud (PS), ATM Canister, MDA High Performance Insulation (HPT) 
blanket, OWS Forward dome HPT, OWS Solar Array System, OWS Forward skirt, 
and OWS aft skirt. The purges controlled the temperature, pressure, 
humidity, and composition of gases in the compartments that they servi- 
ced during launch preparation. The AM Active Coolant hoop interfaced 
with a ground cooling loop to provide heat removal from AM coldplated 
equipment during ground checkout. The OWS Ground Thermal Conditioning 
System (GTCS) utilized a combination of purging and active loop cooling 
to maintain desired thermal conditions in the OWS habitation area. 

The habitation area and the waste tank of the OWS were piessurized 
during prelaunch by an external Ground Support Equipment (GSE) system 
to provide pressure integrity verification prior to launch and structural 
integrity during boost. The Refrigeration System (RS) required a ground 
thermal conditioning unit (TCU) to maintain frozen food thermal require- 
ments from food loading in the Vertical Assembly Building (VAB) to lift- 
off. 


A. Configuration 

1* AM/MDA Habitation Area Purge and Prelaunch Pressurization . 

The AM/MDA pressurized compartments were purged with ambient air in the 
VAB to provide a habitable atmosphere for the ground crews. Prior to 
final leak check on the pad, the AM/MDA was purged with dry N 2 for a 
sufficient length of time to reduce the final O 2 concentration to an 
acceptable level. The compartment was then pressurized to 19.7 PSIA 
for final leak check at approximately 15.5 hours before liftoff. At 
five hours before liftoff, the MDA vent valves were commanded open ar.d 
the compartment was allowed to equalize with the ambient pressure. 

Purging gases were introduced at the aft compartment purge 
fitting (GSE All) fit: a flow rate of 7.5 lb /min. The purge was flowed 
through the AM/MDA compartment and exhausted through the MDA vent valves. 
The OWS was pressurized with gaseous N 2 and maintained at a level equal 
to or greater than the AM/MDA pressure level during the purge operations. 

2 * MDA High Performance Insulation Purge . The MDA insulation 
purge system was used for purging the MDA insulation blankets and the 
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exterior surface of the S190 window with dry gaseous nitrogen prior to 

ment ?he ^ 0th “ -*T 8 When the mA was not ln a conditioned environ- 
the insn?ntr rP ^ Se T PUrSe WaS t0 prevent ™°*sture condensation on 
vaults ” and thermall y condition the MDA film 

led at'KSC war 1 " 163 £ PUrgG W3S specif icall y required to be opera- 


M a * For the period of 30 minutes just before 

Operations and Checkout (O&C) building. After purge 
was sealed. 


rollout from the 
the payload shroud 


b. I* or a period of 30 minutes prior to 
ti.1 launch. 


c. Continuously on pad except for brief 
sonnel breathing hazard existed. 


cryogenic 

periods 


loading un- 
when a per— 


5 + 2 lb /min Z** inducted with dry GN 2 at a total flow rate of 

2 lb/min. The purge was supplied via a GSE purge console. Gas 
emperature supplied by the console was regulated by the ATM canister 

l S lVr ratUre SSnSOr - AS a reSult the > ffiA insulation purge gas 
apply temperature closely followed the ATM purge temperature! 

4 t . . Purge gas was introduced from the ground facility through one 

umSwXdis lln " th f WerC rOUted Fra ”’ Airlock Shroud '(FAS) 

Kla 1 Tho H f around che PAS to the AM truss #4 at the -Z 

station fMS ^r a r R Cl, r r °" ted , u|> thc truss fitting at Airlock Module 
M nf L* , J ' Wllert! tha Interface connection was made with the 
MM. Connections across the major structure interfaces (FAS to AM 
russ and AM truss to STS) were made with flexible metal hoses The ex- 

and 3/8°Lch e H pressura she11 was encircled with a network of 1/2 
and 3/8 inch diameter perforated tubing to provide gas distributlori to 

the insulation and the 8190 window. Figure 9-1 depicts the purge system 

at the 3 FAS~ uml 1 ii‘i S !‘ r °“ d (PS) Pur « G .- The p S purge gas was introduced 
t the FAS umbilical disconnect plate and was routed up the PS to the 

40 Ib/mf b r" Pl f " M Sh0Wn “ fi ^ a 9-2- Purge flow ra te ^as 
40 lb/min. whale in the VAB and 50 + 5 lb/min. to 65 + 5 lb/min. after 

the vehicle left the VAB. The PS was purged with air _ until 30 minutes 

Pureinv° irh pr ° pe:Uant load:ln S when the purge was switched to GNp. 
urging with air was necessary to simultaneously provide temperature 

nd humid iLy control in the PS compartment and habitable atmosphere for 
ground crews working inside the PS. 1 or 


an, I HOT r’ l1 T 1 <i8 l aUPP,y tom,H ' r,U; uro wan capable oF control between 40°F 
i d HO In I he VAIi ami In transit to the pad and between 50°F and 135°F 
while on he pad. The luleL temperature controller was set at 63 + 3°F 
o achieve an Inlet gas .emperature of 63 + ST. The temperature 

PlirK ‘' K;1H m,|,ply d °P lmdwl 0,1 whether heating or cooling wns required. 
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Figure 9-1. MDA High Performance Insulatl 


on and SI 90 Window Purge 





Figure 9-2. Payload Shroud Air Conditioning Duct Routing 



4. AM Coolant Loop Operations . Prior to launch, heat was re- 
moved from the AM Coolant Loop (described in detail in Section VIII) by 
the ground cooling heat exchanger which interfaced with the Ground 
Cooling System. The ground cooling loop consisted of the interface 
heat exchanger, redundant accumulators to prevent pressure buildup 
from thermal expansion of trapped MMS-602 fluid, a ground cooling cart, 
and associated lines and fittings from the FAS umbilical disconnect 
plate to the coolant pump module on the STS aft bulkhead. 

The Ground Cooling System was required to provide an MMS-602 
flow rate of 900 lb/hour with a heat removal capacity of 16,000 Btu/Hour 
at a -15 °F coolant inlet temperature to the GSE/Airlock interface. 

The selector valve used to change from ground heat exchanger 
to radiator cooling was activated by DCS command from the ground. Tran- 
sient heat rejection was supplemented by two thermal capacitors (charged 
with Tridecane wax) located downstream of the ground cooling heat ex- 
changer and radiator. The capacitors were charged during pre-launch 
Cor accepting launch ascent heat loads prior to switching to the radia- 
tor for cooling. The maximum capacitor temperature at launch was speci- 
fied at 18 °F. 


5. ATM Canister Purge . The ATM canister was purged for tempera- 

ture, humidity, and cleanliness control. The purge was introduced 
through one inch diameter lines which entered the vehicle at the FAS 
umbilical disconnect plate and were routed around the FAS to the deploy- 
ment assembly vertical tubular structural member at the +Y axis. From 
this point the lines followed the deployment assembly (DA) tubular 
structural members up to the ATM. The connections across the DA rota- 
ting joints, between the FAS and the DA and between the DA and the ATM 
were made with flexible metal hoses. The purge was conducted with 
gaseous nitrogen at a nominal flow rate of 5 + 1 lb/min. The purge gas 
temperature controller was set at 53 + 3°F to assure an inlet tempera- 
ture control of 53 + 5°F. During the 24 hours before liftoff, the 
temperature was increased to 70 + 5°F to thermally condition the ATM 

for initial orbits without internal power. 

6. OWS High Performance Insulation Purge . A dry nitrogen gas 
purge was provided to prevent moist air from entering the layers of HPI 
and subsequently degrading the insulating properties of the HPI during 
prelaunch operations. The normal flow rate of 5 lb/min. was reduced to 

1 lb/min. by installing a smaller orifice on the ground side of the dis- 
connect when personnel were required to work in the forward dome area. 
The purge inlet was located on the forward umbilical plate and was 
plumbed down to the forward skirt hat frame as shown in figure 9-3. The 
purge gas exited from holes at the bottom of the frame, filtered up 
through the HPI panels, and vented through the Airlock Module curtain. 
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outlet port. After the purge gas outlet port was sealed, this system 
was also used for pre-liftoff pressurization. Figure 9-5 illustrates 
the resultant atmosphere circulation pattern inside the OWS habitation 
area. 


* QMS Ha bitation Area Ground Thermal Conditioning System . The 
Ground Thermal Conditioning System was a closed-loop system consisting 
of OS 1C, located on the Launch Umbilical Tower, and heat exchanger equip- 
ment installer! onboard the vehicle in the OWS. The GSE was joined to 
the SI.— 1 vehicle plumbing by l}\) couplings. The CTOS equipment installed 
in the OWS consisted of two beat exchangers in series and two fans in 
parallel. One Tan heat exchanger assembly was used at the primary system 
with the other unit as backup. The fans induced Habitation Area atmos- 
phere flow across Lhe lieaL exchangers and then directed it across temp- 
erature sensitive equipment (Him vault and food lockers) to maintain 
their temperature in the required range. The required temperature range 
for the film vault was 40°F to 50°F, with allowable excursions to 65°F. 
The ambient food locker temperature requirement was 40°F to 85 °F. Fig- 
ure 9-6 illustrates the GTCS. 


The GSE on the LUT controlled the temperature and flow rate 
of the thermal conditioning fluid (water/glycol) that circulated through 
the heat exchangers in the OWS. These heat exchangers maintained the 
labi Cation area atmosphere in the required temperature range from button- 
up until approximately 11 minutes before launch. 


In order to support Kennedy Spacecraft Center (KSC) contin- 
gency planning, analyses were per formed to determine how long the GTCS 
could bo failed without Impacting the ST.- I launch. Due to the daily 
variation In the solar heat 1ti.nl and the ambient air temperature, the 
time ol day ol the failure and the time of day of the launch were the 
significant parameters. The results oT the analysis, shown In figure 
J-7, Indicated that the GTCS could la 11 20 minutes prior to launch with- 
out exceed » ng the food and film temperature limits. The results of 
further analyses shown tn figure 9-8, provided the time it took for the 
GTCS to recover assuming various failure times. For future ground 
thermal conditioning system design, it is recommended that consideration 
be given to allow for loss of conditioning caused by GSE malfunctions. 


12 * ft-?. fr *g era fci-on System Prelaunch Conditioning . The RS‘ thermal 
conditioning system is shown in figure 9-9. The ground support for re- 
frigeration system consisted of one operating thermal conditioning unit, 
one redundant 1CU, a valve panel and a coolant control unit (CCU) , all 
located on the LUT. This GSE system supplied water/glycol coolant at 
controlled temperature and flow rate to a ground cooling heat exchanger 
which was an Integral part of the flight US. The ground conditioning 
loop was disconnected by quick disconnect couplings on the aft skirt 
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Figure 9-5. Orbital Workshop Purge Flow Schematic with GTCS Fan Operating 
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Figure 9-6. Orbital Workshop Ground Thermal Conditioning System 






TIME TO EXCEED 63°F FOR C7044 (MINUTES) 





ASSUMES C7044 AT 58° F WHEN 
COOLANT LOSS OCCURRED 

APPLICABLE FOR HOT MAY DAY 

ASSUMES GTCS FAN IS TURNED 
OFF WHEN COOLANT LOSS OCCURRED 


1 5°F HEAT EXCHANGER FLUID 
SUPPLY TEMPERATURE 



TIME OF GTCS TURN ON - HR (EDT) 


Figure 9-8. GTCS Recovery Time 
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Figure 9-9. RS Ground Conditioning System 
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umbilical panel. At approximately T-3 minutes, the GSE coolant was 
topped and the OWS water/glycol lines were purged with N, gas to mini- 
mise vehicle contamination during boost. 2 § 

failure durin *° ct' 1 S f snif ^ CHn ^ P roblem was attributed to an RS GSE 
v prelaunch, there was much concern about the capabil- 

TCU's' fDSV 7 u° SUPPly thS tem P erature control required. The 
than tbo -"f h3d b6en raodified £°r temperature capability lower 
tended ° rl ginal qualification value but this modification was not in- 

The si 1 f P T ld ! P erf ™ ce “ the range that was ultimately required 

were the resultlf 1 " 2 IdTh^ Sh0Wn *“ Table 9 ' 1 ‘ The redline values 
of R q If !! oE much deliberation with GSE personnel and a re-examination 

requirement™ 3 " 06 ^ Pr ° Vlde 33 ” UCh relief aS P ossible to the TCU 

The hold time information given in figures 9-10, 9-11, and 
9 12, was provided in addition to the redlines to use as guidelines and 
planning in the event of a failure of both TCU's or an unexpected launch 
hold subsequent to activation of ground purge for the water/glycol lines. 

The primary reason for delayed concern about the TCU low temp- 
“ c ^ pab ^ lt y " as the late definition of RS requirements as a result 
of RS system thermal qualification testing (HS-19) . The refrigeration 
system was behind scheduie because of thermal capacitor and raliator 
control valve problems. As a result, no analysis or test for system 

Performance were available until late 1972. A secondary reason 

. l a data J on the fluxd temperature rise between the TCU out- 

let and the RS ground heat exchanger inlet. 

a , l?' and Nitrogen Consumables . A description of the oxvgen 

nd nxtrogen gas storage systems is given in Section V. Appropriate 2 
pressure and temperature prelaunch redlines for each gas bottle are 

requirements ^ 9 ~ U “ d *~ U define the P relaunch loading 


B. Performance 

^ he ™ al conditioning and pressurized systems performed satis- 
actorily during prelaunch and launch. The ECS/TCS mission support 
group provided realtime monitoring of all active systems from T-8.5 
hours (corresponding to 10 hours before SL-1 launch because of a 1.5 

narLafel "l h0ld) : Launch Mlssi °n Rules Document details those 

parameters, along with their applicable limits, which were required to 

be monitored during the prelaunch phase of the mission. A list of these 
perameters, their limits and the actual values which occurred after 
I-B.5 hours is provided in Table 9.1. 
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TABLE 9.1 PRELAUNCH PARAMETERS MONITORED 


it 



MEASUREMENT MEASUREMENT 

NUMBER DESCRIPTION 

C209 AM PRIMARY CHX INLET TEMP 

C210 AM SEC CHX INLET 1 TEMP 

C244 A AM PRIM THM CAPACITOR OUT TEMP 

C262 AM THM CAPACITOR NO, 1, SKIN 1 TEMP 

C263 AM THM CAPACITOR NO. 1, SKIN 2 TEMP 

C264 AM THM CAPACITOR NO. 2, SKIN TEMP 

C265 AM THM CAP 2 PRIM INLET TEMP 

C273 AM PRIMARY VLV C OUT 1 TEMP 


PRELAUNCH RANGE OF VALUES FROM 

CLINES T-8 1/2 HRS TO LAUNCH 

43 °F TO 51 °F LOOP INACTIVE TO T-5 If 2 HRS, 

47.4°F AFTER T-5 1/2 HRS 

43 °F TO 51°F 49.0°F TO T-5 HRS, LOOP DE- 

ACTIVATED AT T-5 HRS 

(TO T-30 MIN 40 °F) LOOP INACTIVE TO T-5 1/2 HRS, 
(AFTER -30 MIN -40.7°F AFTER T-5 1/2 HRS 

48°F) 

(TO T-30 MIN 40 °F) BELOW SCALE AT -20 °F 

(AFTER T-30 MIN 

18°F) 

(TO T-30 MIN 40 °F) BELOW SCALE AT -20 °F 

(AFTER T-30 MIN 

18°F) 

(TO T-30 MIN 40 °F) BELOW SCALE AT -20 °F 

(AFTER T-30 MIN 

18°F) 

(TO T-30 MIN 40 °F) LOOP INACTIVE TO T-5 1/2 HRS, 
(AFTER T-30 MIN -40.7°F AFTER T-5 1/2 HRS 
48°F) 

34 °F TO 70 °F LOOP INACTIVE TO T-5 1/2 HRS, 

(AFTER T-30 MIN 38.6°F AFTER T-5 1/2 HRS 

34°F-44°F) 
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TABLE 9.1 PRELAUNCH PARAMETERS MONITORED (CONTINUED) 


MEASUREMENT 

NUMBER 


MEASUREMENT 

DESCRIPTION 



P RELAUNCH 
REDLINES 

RANGE OF VALUES FROM 
T-8 1/2 HRS TO LAUNCH 

C274 

AM SEC 

VLV C OUT 1 TEMP 

34°F TO 70°F 
(AFTER T-3Q MIN 
34°F-44°F) 

40 . 5°F TO T-5 HRS, NOT FLOW- 
ING AFTER T-5 HRS SEC LOOP 
DEACTIVATION 

C283 

AM PRIMARY VLV A OUT 

1 

TEMP 

43°F TO 51°F 
AFTER T-30 MIN 

LOOP INACTIVE TO T-5 1/2 HRS 
48 . 6°F AFTER T-5 1/2 HRS 

C284 

AM SEC 

VLV A OUT 1 TEMP 

43°F TO 51°F 
AFTER T-30 MIN 

48.1°F TO T-5 HRS, LOOP DE- 
ACTIVATED AT T-5 HRS 

C247 

ALT 0 2 

SUPPLY BOTTLE 

1 

TEMP 

SEE FIGURE 9-13 

69.3 - 70 .1°F 

C248 

ALT 0 2 

SUPPLY BOTTLE 

2 

TEMP 

SEE FIGURE 9-13 

69.5 - 67.8°F 

C249 

ALT 0 2 

SUPPLY BOTTLE 

3 

TEMP 

SEE FIGURE 9-13 

71.2 - 72 .0°F 

C250 

ALT 0 2 

SUPPLY BOTTLE 

4 TEMP 

SEE FIGURE 9-13 

67.7 - 69.4°F 

C251 

ALT 0 2 

SUPPLY BOTTLE 

5 

TEMP 

SEE FIGURE 9-13 

68.9 - 69.7°F 

C252 

ALT 0 2 

SUPPLY BOTTLE 

6 

TEMP 

SEE FIGURE 9-13 

71.6 - 72.4°F 

C253 

ALT N 2 

SUPPLY BOTTLE 

1 

TEMP 

SEE FIGURE 9-14 

66 .9 °F 

C254 

ALT N 2 

SUPPLY BOTTLE 

2 

TEMP 

SEE FIGURE 9-14 

70.1°F 

C255 

ALT N 2 

SUPPLY BOTTLE 

3 

TEMP 

SEE FIGURE 9-14 

64.0 - 64 . 7°F 

C256 

ALT N 2 

SUPPLY BOTTLE 

4 

TEMP 

SEE FIGURE 9-14 

63.9 - 65.3°F 





TABLE 9.1 PRELAUNCH PARAMETERS MONITORED (CONTINUED) 


EASUREMENT 

NUMBER 

MEASUREMENT 

DESCRIPTION 

PRELAUNCH 

REDLINES 

RANGE OF VALUES FROM 
T-8 1/2 HRS TO LAUNCH 

C257 

ALT N 2 SUPPLY BOTTLE 5 TEMP 

SEE FIGURE 9-14 

66 ,S°F 

C272 

ALT N £ SUPPLY BOTTLE 6 TEMP 

SEE FIGURE 9-14 

67.0 - 67 . 7°F 

D222 

AM PRIMARY CLNT PUMP INLET PRESS 

25 PSIA 

29.4 FSIA TO T-5 1/2 HRS, 
28.2 AFTER T-5 1/2 HRS 

D223 

AM SEC LOOP PUMP INL. PR 

25 PSIA 

28.9 PSIA TO T-5 HRS, 31.6 
AFTER T-5. HRS TO SEC LOOP 
ACTIVATION 

D224 

AM PRIMARY CLNT PUMP AP 

20 PSID TO 70 PSID 

0 TO T-5 1/2 HRS, 49.1 PSID 
AFTER T-5 1/2 HRS 

D225 

AM SEC LOOP PUMP AP 

20 PSID TO 70 PSID 

39.3 PSID TO T-5 HRS - 0 
AFTER T-5 HRS TO SEC LOOP 
ACTIVATION 

D226 

.AM 0 2 SUPPLY BOTTLE 1 PRESS 

SEE FIGURE 9-13 

2980 TO 2995 PSIA 

D227 

AM 0 2 SUPPLY BOTTLE 2 PRESS 

SEE FIGURE 9-13 '* 

3000 PSIA •- 

D228 

AM 0 2 SUPPLY BOTTLE 3 PRESS 

SEE FIGURE 9-13 

3013 - 3029 PSIA 

D229 

AM 0 2 SUPPLY BOTTLE 4 PRESS 

SEE FIGURE 9-13 

2996 - 3012 PSIA 

D230 

AM 0 2 SUPPLY BOTTLE 5 PRESS , 

SEE FIGURE 9-13 

3011 PSIA 

D231 

AM 0 2 SUPPLY BOTTLE 6 PRESS 

SEE FIGURE 9-13 

3013 - 3046 PSIA 
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TABLE 9.1 PRELAUNCH PARAMETERS MONITORED 


MEASUREMENT 

NUMBER 



MEASUREMENT 

DESCRIPTION 




PRELAUNCH 

REDLINES 

D241 

ALT 

°2 

SUPPLY BOTTLE 

1 

PRESS 

SEE 

FIGURE 9-12 

D242 

ALT 

°2 

SUPPLY BOTTLE 

2 

PRESS 

SEE 

FIGURE 9-13 

D243 

ALT 

°2 

SUPPLY BOTTLE 

3 

PRESS 

SEE 

FIGURE 9-13 

D244 

ALT 

°2 

SUPPLY BOTTLE 

4 

PRESS 

SEE 

FIGURE 9-13 

D245 

ALT 

°2 

SUPPLY BOTTLE 

5 

PRESS 

SEE 

FIGURE 9-13 

D246 

ALT 

°2 

SUPPLY BOTTLE 

6 

PRESS 

SEE 

FIGURE 9-13 

D232 

ALT 

N 2 

SUPPLY BOTTLE 

1 

PRESS 

SEE 

FIGURE 9-14 

D233 

ALT 

N2 

SUPPLY BOTTLE 

2 

PRESS 

SEE 

FIGURE 9-14 

D234 

ALT N 2 

SUPPLY BOTTLE 

3 

PRESS 

SEE 

FIGURE 9-14 

D235 

ALT 

n 2 

SUPPLY BOTTLE 

4 

PRESS 

SEE 

FIGURE 9-14 

D236 

ALT 

N 2 

SUPPLY BOTTLE 

5 

PRESS 

SEE 

FIGURE 9-14 

D257 

ALT 

N 2 

SUPPLY BOTTLE 

6 

PPESS 

SEE 

FIGURE 9-14 

D247 

ALT 

N 2 

SUPPLY BOTTLE 

1 

PRESS 

SEE 

FIGURE 9-14 

D248 

ALT 

N 2 

SUPPLY BOTTLE 

2 

PRESS 

SEE 

FIGURE 9-14 

D249 

ALT 

n 2 

SUPPLY BOTTLE 

3 

PRESS 

SEE 

FIGURE 9-14 


RANGE OF VALUES FROM 
T-8 1/2 HRS TO LAUNCH 

2974 - 2990 PSIA 

3005 - 3021 PSIA 
3017 - 303C PSIA 
2986 - 3002 PSIA 

3006 - 3026 PSIA 
3025 - 3040 PSIA 
2965 - 2982 PSIA 
2990 - 3007 PSIA 
2904 PSIA 

2949 - 2965 PSIA 
2953 - 2969 PSIA 
2925 PSIA 
2998 PSIA 
2982 PSIA 
2936 - 2952 PSIA 
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TABLE 9.1 PRELAUNCH PARAMETERS MONITORED (CONTINUED) 


!i 

i \ 

MEASUREMENT 

NUMBER 


MEASUREMENT 

DESCRIPTION 

PRELAUNCH 

REDLINES 

RANGE OF VALUES FROM 
T-8 1/2 HRS TO LAUNCH 

! 

D250 

ALT N 2 

SUPPLY BOTTLE 4 PRESS 

SEE FIGURE 9-14 

2953 PSIA 

| 

D251 

ALT N 2 

SUPPLY BOTTLE 5 PRESS 

SEE FIGURE 9-14 

2980 - 2981 PSIA 

1.1 

■ii 

D258 

alt n 2 

SUPPLY BOTTLE 6 PRESS 

SEE FIGURE 9-14 

2961 - 2978 PSIA 

■ii 

1! 

:> 

i.i 

tj 

F214 

AM PRI 

VLV B OUT FLOW RATE 

238 LB /MIN 

0 TO T-5 1/2 HRS 276 TO 
278 LB /HR AFTER T-5 1/2 HRS 

i 

F215 

AM SEC 

VLV B OUT FLOW RATE * 

238 LB /MIN 

276 TO 278 LB/HR TO T-5 HRS 
0 TO SEC LOOP ACTIVATION 

i 

K209 

AM PRI 

RAD BYPASS MONITOR 

BYPASS (UNTIL 
T-10 MIN) NORM 
AT T-10 MIN 

NORM TO T-5 1/2 HRS - BYPASS 
TO T-10 MIN - RAD AFTER 

Ii 

!' • 

K210 

AM SEC 

RAD BYPASS MONITOR 

(BYPASS TO T-5 
HRS) (NORM T-5 
HRS ON) 

BYPASS TO T-5 HRS, NORM AT 
T-5 HRS 


C0002 

MDA INT 

FWD DOME 1 TEMP 

60°F TO 80°F 

71 .0 D F TO 68.4°F 


C0004 

MDA INT 

FWD CYL 1 TEMP 

60°F TO 80°F 

70.0°F TO 67.5°F 


C0031 

MDA INT 

AFT CYL 5 TEMP 

60°F TO 80°F 

70.0°F TO 67.8°F 


C0032 

MDA INT 

AFT CYL 6 TEMP 

60°F TO 80 °F 

70 °F 


COO 39 

MDA INT 

FWD CYL 6 TEMP 

60 °F TO 80 °F 

69.5°F TO 68 .1°F 
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k 


.MEASUREMENT 

NUMBER 

C0041 

C7115 

C7044 

C7279 

C7296 

D7001 

D7002 

D7003 

D7107 

D7109 

D7109 


TABLE 9.1 PRELAUNCH PARAMETERS MONITORED (CONTINUED) 


MEASUREMENT 

DESCRIPTION 

MDA INT FWD CYL 7 TEMP 

OWS PRIMARY THM CPR CLNT INL TEMP 

OWS FWD CMP NO. 6 TEMP 


OWS PRIMARY FRZ TCV CLNT OUT TEMP 
OWS PRIMARY LOOP CCV CLNT OUT TEMP 
OWS PRIMARY LOOP PUMP AP 
OWS PRIMARY LOOP PUMP IN PR 
OWS SECONDA RY RS LO QP : PUMP INLET 


OWS WASTE TANK PRESSURE SENSOR 1 
OWS H/A PRESSURE SENSOR 1 
OWS H/A PRESSURE LOSS 

OWS PNEU SPHERE PRESSURE SENSOR I 


PRELAUNCH 

REDLINES 

60°F TO S0°E 

-42°F TO -24°F 

42°F TO 63°F 
FROM T— 12 HRS 
55°F TO 63°F 
FROM T-12 HRS 

-40 °F TO -20 °F 

35 ,3°F TO 42,8°F 


RANGE OF VALUES FROM 
T-8 1/2 HRS TO LAUNCH 

72°F 

-26.6°F TO 29.1°F 
57°F TO 59 °F 


-26.9°F TO -25 . 7°F 
37 . 7°F TO 39 .0°F 


32 PSID TO 55 PSID 41 PSID 

30 PSIA MINIMUM 37.0 TO 37.2 PSIA 


30 PSIA MINIMUM 


37.5 TO 37.8 PSIA 


22 PSIA TO 26 PSIA 22.6 TO 22.9 PSIA 
22 PSIA TO 26 PSIA 22.8 TO 23.2 PSIA 


MAX AP AFTER FILL 
FILL .6 PSI 

390 r PSIA TO 510 
PSIA 


0.4 PSI MAX 
•441 TO 445 PSIA 


D7113 


7,Z-C> 




TABLE 9.1 

PRELAUNCH 

MEASUREMENT 

NUMBER 


MEASUREMENT 

DESCRIPTION 


K001 

MDA VENT 


K003 

MDA VENT 


K7161 

ows 

RS PRIMARY PUMP 

1 ON 

M7010 

OWS 

PRI RS LOGIC PWS 

OUTPUT 

M7011 

OWS 

SEC RS LOGIC PWS 

OUTPUT 

K7037 

OWS 

SOL VENT VALVE 


K7036 

OWS 

SOL VENT VALVE 


K7222 

OWS 

PNEU HAB VENT VALVE 

K7224 

ows 

PNEU HAB VENT VALVE 
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PARAMETERS MONITORED (CONTINUED) 

PRELAUNCH RANGE OP VALUES FROM 

REDLINES T-8 1/2 HRS TO LAUNCH 


ON 


ON 

ON 


ON 

ON 


ON 

4.70 TO 

5.30 VDC 

4.98 

4.70 TO 

5.30 VDC 

4.95 

CLOSED 


CLOSED 

CLOSED 


CLOSED 

CLOSED 


CLOSED 

CLOSED 


CLOSED 



ALLOWABLE HOLD TIME (HOURS) 


2.5 



i 


ID 

I 

S3 

U3 


NOTES 


1. ALLOWS FOR FOOD TEMPERATURE 
OVERSHOOT AFTER TCU RESTART 


2.0 



2 . 


3. 


4. 


5. 


CURVE BASED ON TM SENSOR 
(C7281 OR C7282 OR C7283) 
REACHING -2°F. SUBSEQUENT 
ACTUAL FOOD TEMPERATURE 
OVERSHOOT WILL NOT EXCEED 
0°F. IF TCU RESTART ON OR 
BEFORE TM SENSOR = -2°F. 

THIS CURVE NOT VALID FOR 
HOLD PRIOR TO LIFTOFF 
WITHOUT RECOVERY. SEE 
CHART 2 FOR REQUIRED RE- 
COVERY TO ACHIEVE INITIAL 
CONDITIONS 

IF FREEZER TEMPERATURES 
REACH 0°F & TCU CANNOT RE- 
START, START ONBOARD PUMP 
TO UTILIZE CAPACITOR TO 
PROVIDE TEMPORARY THERMAL 
CONTROL FOOD MAY EXCEED 
0°F IN THIS MODE 

TCU AND PUMPS MUST BE RE- 
STARTED AT OR BEFORE HOLD 
TIME EXCEEDED. 


0 


INITIALIZED MAX FREEZER TEMP (°F) 
AT STEADY STATE 


Figure 9-10. Allowable HoTd Time (Loss of TCU) as a Function of Max Freezer Temperature to Prevent 
Food Temperature Exceeding 0°F (On-Board Pump off During Hold) With Recovery Required . 






RECOVERY TIME (HOURS) 



1. TOT PERFORMANCE (TEMP 
& FLOW RATE) EQUAL 
BEFORE AND AFTER HOLD 

2. FLIGHT SENSORS IN FREEZERS 
WILL RECOVER TWICE AS FAST 
AS THE ACTUAL FOOD 

3. SEE CHART 1 FOR ALLOWANCE 
HOLD TIMES 


HOLD TIME (HOURS) 


■11. Required Recovery Time vs Hold Time to Achieve Food 

Temperature Recovery to Initial Steady State Conditions 





HOLD TIME (MIN) 



CAPACITOR INLET TEMP, C7115, (°F) 


Figure 9-12. Maximum RS/TCU Hold Times for Prelaunch with No Recover 


INSTRUMENTATION 
TOLERANCE INCL. 

PUMPS OFF (ON BOARD) 
DURING HOLD 

ALL SYSTEM TEMPS 
AT STEADY STATE 
PRIOR TO HOLD 

ALLOWS FOR FOOD 
TEMPERATURE RISE 
DURING INSERTION. 


Required Prior to Liftoff 




PRESSURE (PSIA), 0 2 SUPPLY BOTTLES 1 - 6 
D226-530 THRU D231-530, D241-530 THRU D246-530 




<£> 

I 

t\2 

Oi 


0 2 SUPPLY BOTTLE 1-6 



C247-530 THRU C252-530 

Figure 9-13. Oxygen Consumables Loading Requirements 
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NOTE: 

NO DETECTABLE LEAKAGE IS 
ALLOWED. A DETECTABLE 
LEAK SHALL BE DEFINED 
AS A 64 PSI PRESSURE 
DECREASE BELOW THE FILL 
DENSITY FROM THE TIME 
OF STABILIZATION THROUGH 
REDLINE MONITORING. 


PRESSURE (PSIA), N, SUPPLY BOTTLES 1-5 
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N 2 SUPPLY BOTTLE 1-6 



NOTE 

NO DETECTABLE LEAKAGE IS 
ALLOWED. A DETECTABLE 
LEAK SHALL BE DEFINED AS 
A 64 PSI PRESSURE DECREASE 
BELOW THE FILL DENSITY FROM 
THE TIME OF STABILIZATION 
THROUGH REDLINE MONITORING 


C253-504 THRU C257-502 AND C272-502 



Figure 9-14. Nitrogen Consumables Loading Requirements 


1. AM /HD A Habitation Area Purge and Pressurization . The AM/MDA 
purge system performed as expected and no problems were encountered. 

2. MPA High Performance Insulation Purge . The MDA insulation 
purge performed nominally during prelaunch activities. 

3. Payload Shroud Purge . The payload shroud purge performed sat- 
isfactorily the 27 days of prelaunch and operations of SL-1, requiring 
only minor adjustments to the purge requirements. The original purge 
requirement was 50 lb /min. flow to maintain the compartment temperature 
control setting at 63 + 3°F. As the ambient environment (i.e., sunload 
and air temperature) increased in late April, compartment temperature 
response indicated temperatures exceeding the 66°F upper limit could 
occur at the 50 Ib/min. flow rate. This indication was strengthened 

by data showing the umbilical interface purge gas temperature increased 
with increasing ambient temperature. The interface temperature could, 
however, be decreased by increasing the purge flow rate. Accordingly, 
compartment temperature limits were revised to 68 +5/-8°F. Additionally, 
the flow rate was increased from 50 Ib/min. to a nominal value of 65 
lb/min. As experience was gained, GSE operators noted that peaks and 
valleys in the daily P3 temperatures could be attenuated by leading the 
ambient environment cycle (e.g., the purge gas cooling was reduced in 
late afternoon rather than waiting until sunset when compartment temp- 
eratures began a steep decline). 

In late April, during pad operations, a significant amount of 
water leaked into the PS. During the day this leak occurred, approxima- 
tely 0.4 inches of rain fell with wind velocities up to 37 knots. Ap- 
proximately three cups of water were found in the vicinity of the ATM/ AM. 
Subsequently the PS joints were sealed with silastic compound (RTV 140). 
No further leaks were reported. 

4. Airlock Coolant Loop . During prelaunch activities the perform- 
ance of the primary and secondary coolant loops were evaluated. At 

T-5^ hours a single pump was activated in the primary loop. The second- 
ary loop, which provided onboard cooling prior to primary loop activation, 
was deactivated 30 minutes later, simultaneously cycling the radiator 
bypass valve from bypass to normal flow through the radiator. At T-10 
minutes flow through the primary coolant loop was diverted from the 
ground cooling bypass to the onboard radiator by diverting the radiator 
bypass valve to normal. The operations left both radiator bypass valves 
in the radiator flow position precluding requirement for DCS commanding 
after liftoff. 

Monitoring of the thermal capacitor skin and coolant outlet 
temperature was particularly important since, in order to insure adequate 
cooling capability prior to effective radiator operation, a finite ground 
hold time could be allowed after termination of ground cooling at T-10 


hoJd't^es^d^eerexLeded figura 9-15. M the 
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STABILIZED CAP. TEMP. AT T-10 (°F) 


Figure 9 
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ALLOWABLE HOLD TIME AFTER T-10 (1) 


(1) LONGER HOLD TIMES 
OF GROUND COOLING 
THERMAL CAPACITOR 


REQUIRE REINITIATION 
TO RECONDITION THE 


-15. Allowable Hold Times for the AM Coolant Loop after T-10 Minutes 
Versus Stabilized Capacitor Temperatures at T-10 Minutes 


the GTCS supply line), C7409 and C7410, were used to correct the OWS 
habitation area pressures, D7109 and D7110, to assess the equivalent 
pressure loss. From initial loading the previous day to liftoff the 
equivalent pressure loss was 0.4 PSI. 

Pressurization of the OWS was completed approximately 15.5 
hours prior to liftoff. The OWS was initially pressurized to 23.5 PSIA 
which was within the 23 to 26 PSIA requirement. 

10 * Ground Thermal Conditioning System (GTCS) . The OWS GN« pu-rge 
was completed on April 20, 1973, after final closeout. The requirement 
to establish and maintain a dew point below 30°F was met. Data taken 
in the VAB and on the launch pad indicated that the dev- point ranged 
between -23°F and +7°F. Dry nitrogen pressurization and vent cycles 
occurred during this period. The last dew point measurement taken on 
April 28, 1973, was +4°F. 

The requirements for the GTCS were to maintain the OWS food 
storage containers and film vault between 40°F and 65°F from rollout of 
the VAB until T-12 hours . At T— 12 hours temperatures were to be con- 
trolled between 55°F and 65 °F to precondition the EREP tapes to 55 °F 
minimum at liftoff. No difficulty in maintaining temperatures within 
the required limits was encountered. 

The OWS temperatures prior to liftoff are tabulated in Table 
9.1. At liftoff the film vault temperature (C7408) was 51°F and the 
food temperature (C7411) was 50°F. The average OWS internal tempera- 
ture was maintained within the required limits at approximately 58 °F. 

Measurement C7044 was located on the OWS interior wall oppo- 
site the film vault back face. For the preliftoff period this measure- 
ment oscillated between 57 °F and 59 °F. C7044 was used to control the 

internal temperature because of its proximity to the EREP tapes. The 
GTCS heat supply temperature was controlled to provide almost constant 
internal temperatures. The GTCS variation during pad operations ranged 
between 15 °F and 68 °F. 

A comparison between the measured and max im u m predicted for- 
ward compartment mean internal wall temperatures prior to liftoff are 
shown in figure 9-16. The predicted maximum temperatures were based on 
a hot May day (i.e., maximum solar heat input and external air tempera- 
ture expected during the month of May) . Less severe environmental con- 
ditions were actually experienced prior to liftoff. A maximum GTCS heat 
exchanger load of 29,000 Btu/hour was calculated for the countdown 
period. Most of the calculated heat loads were substantially lower than 
the maximum design heat exchanger load of over 40,000 Btu/hour. 
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The internal wall temperatures (figure 9-16) show a maximum 
temperature differential between the coldest and hottest walls of 5°F. 

This indicates that the air circulation was adequate, considering that 
the meteoroid shield temperature varied over 20°F due to the white and 
black external paint pattern and the variable direct solar heat input. 

11. Refrigeration System Prelaunch Conditioning * As stated earlier, 
a major concern was the inability to consistently operate the TCS at 
temperatures appreciably below the original design requirement. The 
original design requirement for flow and temperature at the OWS RS 
ground heat exchanger interface were 3.2 gallon per minute (GPM) of 
water glycol at -21 °F maximum. To provide this temperature, calculations 
showed the TCU had to supply approximately -29°? maximum. It’s rated 
maximum supply temperature as received was — 5°F. 

After the TCU was modified for lower temperature operation it 
became evident that reaching the lower temperature was no problem but 
the flow dropped off considerably due to change of viscosity. The cold- 
est temperature at which the TCU was operated was -35°F. At this condi- 
tion the flow rate was 1.3 CPM and the calculated heat exchanger inter- 
face temperature was approximately -27°1. This was not a serious 
development since the reduced flow rate was sufficient for the OWS ground 
heat exchanger performance while the colder temperature achieved x-?as 
highly desirable. 

During actual vehicle tests the TCU was called upon to operate 
appreciably below the -29°F maximum supply temperature requirement; and 
although the TCU was only tested to temperatures as low as -35°F, it 
consistently and satisfactorily supported the OWS RS by delivering 
temperatures colder than -40°F. 

The system performance was as expected, well within the red- 
line values as indicated by Table 9.1. As mentioned earlier, the main 
concerns were lack of qualification testing and the possibility of a TCU 
failure. 

12. Oxygen and Nitrogen Consumables . Initial masses of the oxy- 
gen and nitrogen systems are given in Section V. No prelaunch discre- 
pancies occurred in these systems. 
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SECTION X. CONCLUSIONS AND RECOMMENDATIONS 


The Skylab Environmental and Thermal Control Systems provided 
an acceptable environment for both crews and experiments. The loss of 
the meteoroid shield resulted in an imbalance of the passive thermal 
control system for the QWS which was resolved by deploying improvised 
solar shields. Other anomalies occurred which required coordinated 
crew and ground support activities in their resolution. The major 
anomalies, other than loss of the meteoroid shield, were the sticking 
of temperature control valves in the Airlock Module cooling loop leak- 
age of coolant in both of the Airlock Module cooling loops and failure 
of the refrigeration system radiator bypass valves. 

The following paragraphs provide some conclusions and recom- 
mendations for future designs. The comments are grouped by subsystem. 

A section is also included which contains general comments and obser- 
vat ions . 


A. Atmosphere Control System 

The Atmospheric Control System includes carbon dioxide removal, 
humidity control, odor removal, and contamination removal. In general 
this system performed very well. The crews were basically comfortable 
and healthy. System discrepancies during the mission were corrected 
by designed-in system redundancies or by real-time workaround procedures. 
Comments and observations relative to future use of similar systems are 
provided in the following paragraphs. 

The condensing heat exchangers using fritted glass water separ- 
ator plates are an effective, durable and low maintenance means to remove 
atmospheric moisture. 

The performance of the molecular sieve system was outstanding. 

The system performed C0 2 , odor, and moisture removal functions effec- 
tiyeiy with no system hardware anomalies. In fact, the system performed 
satisfactorily throughout the 84-day SL-4 mission without a bed bakeout 

u n ?^ r ? qU:iXed (desi ^ n 28 days). This system demonstrated that it 
should be considered for future manned programs, especially those of 
one month or more duration. 

The vacuum side of the condensate system had a tendency for 
random leaks throughout the mission. The condensate system included 
many quick disconnects and it was generally agreed that quick discon- 
nect leakage was the problem. The use of quick disconnects should be 
minimized on future missions in all systems, and especially in vacuum 
systems. Also braze-type joints are more desirable in vacuum systems 
than mechanical type joints. 
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are : 


The metabolic guidelines which 


appear to match the flight data 


Approximate daily average rate - 440 BTU/hour/man 
Metabolic 0 2 usage =1.84 lb /man day 
Water production = 2.6 - 4.1 lb/man day 
C0 2 production =2.15 lb/man day 


iue ocior control £ 
a general absence of odor 


The crews reported 


B. Cluster Ventilation System 

mission luster Ventilation System performed well throughout Lhe 

..a S “ ««■ acceptable 


caused flow degrade tio^^t^ the s ^teins 

fans with higher heads so that f ilS or heat efl n lniSS1 ° nS utilize 
““ u "* “ «* » 

Lint is added to the atmosphere on long duration fliehi-q -i-n 

“vs* 11 ? 0 " r 1 " •“ 

;c”sr r 11 mK, 

2JSim r* =- 

S‘ofS.*SS “““ 


G. OWS/MDA./AM Thermal Control System 

The OWS/MDA/AM Thermal Control System, outside of the 

in e S ectio 0 n° V 'thf \ thC s P^^ d HmL As sho™ 

V ’ Lhe clustBr temperatures stayed within the comfort box 


except prior to parasol deployment and during high Beta angle periods. 

A one-to-one comparison of f light -vers us -design is not possible due to 
the loss of the meteoroid shield, but enough data are available to show 
that the design was adequate. 

A considerable number of telemetry sensors had been installed 
in the OWS for TCS system evaluation. These proved to be very valuable 
and even more would have been useful in predicting the maximum temper- 
atures when the meteoroid shield anomaly occurred. 

_ When the OWS was hot and the MDA was cold, it would have been 
desirable to have had the capability to provide more flow from one 
compartment to the other. This would require very little storage 
volume or weight and would add a considerable amount of flexibility 
should a similar anomaly occur in future programs. 

The crew comfort criteria appears to be a good criteria as the 
crew tended to turn the thermostat up or down when approaching the upper 
and lower limits of the comfort box. Radiation heat from hot walls was 
very noticeable. Jackets and gloves were worn on initial entry into 
the OWS to help sheild against the heat from the walls. 


D. Gas Supply System 

Lhe Cluster Gas Supply System performed well and demonstrated 
that the design concept as well as most of the components should be 
considered for future flights. With the exception of the 150 PSIG N 
regulator pressure, which drifted low, (but still within useful rang!) 
the gas system was problem free. 


The two-gas control system was especially effective in providing 
cabin pressures and oxygen partial pressures well within the allowable 
range. A two-gas system most probably will be used on all future, long- 
term manned space flights and this type of control is suggested as a 
candidate. 


. . c . cluster °2 and N o Sas usage rates were well below design levels: 

significant quantities of both gases were available at the end of the 
mission even though unplanned purge cycles were accomplished and cabin 
pressures were maintained at near manned level during the orbital stor- 
age period following SL-3. The total vehicle pressure integrity design 
was therefore very effective and should be considered in the future. 

Even though no damage resulted, the fact that the oxygen bottle 

lumber 6 went above design/qualification limits four different times 

during the mission demonstrates the need for thermovacuum test to backup 

analyses. A thermovacuum test would probably have revealed this analysis 
prrnr v 
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Pressurization/Deprsssurization Systems 
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Airlock Module Coolant Loop 
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capabilities were more than adequatl ’ However ®^* 1 ^ h “ t rejecti “ 
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The radiator/thermal capacitor performance was good. 
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These failures indicate that systems containing the same generic 
components do not provide the degree of redundancy obtainable in 
systems with different generic parts. Although the latter case is 
obviously more expensive it definitely has merit, especially where 
mission or life critical systems are concerned. 

Also, systems should be designed to allow inflight reservicing 
with ease and extra fluids should be stowed whenever possible. If 
Sky lab had been one long continuous flight, the AM coolant systems 
would have been lost, terminating the mission early. The number of 
mechanical fasteners in fluids systems should be minimized. 

Consideration should be given to ultrasonic cleaning of heat 
exchangers and other components in systems with contamination sensitive 
elements . 

The EVA/lVA system performed well enough to include some lengthy 
and strenuous workshop repair tasks, resulting In expansion of original 
mission objectives. All mission objectives were accomplished and at 
no time was crew safety compromised. It is recommended that the 
Airlock EVA/lVA system - design concept, verification procedure, and 
operational hardware - be considered on future missions with an EVA 
requirement . 

Some design requirements were inconsistent with Sky lab EVA 
experience . 


1. Waste heat load range requirement of “800 to +2000 BTll/ 
hour man was too severe. Maximum heat load for all three crewmen was 
approximately 2200 BTU/hour and a negative heat load was not experienced. 

2. The maximum allowable water delivery temperature of 50°F 
was too severe. Temperatures of 58°F provided adequate cooling. 

3. Total duration of EVA exceeded seven hours, with coolihg 
water flow exceeding eight hours - system requirements were three and 
four hours, respectively. 

4. The system was designed to support two EVA crewmen on one 
loop with the other crewman (STS) on second loop. During the mission, 
a single loop effectively supported all three crewmen. 

Oxygen flow and suit cooling system support was provided as 
required for 12 EVA/lVA operations including, on DOY 359, a record EVA 
hatch open time exceeding seven hours. 


® ^ lns ttumentation connected to that bus. Loss of Delta 3? ' 
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separator temporarily corrected the flow oscillations Nation 
evices should be included in future systems where any point in the 
system operates at pressures below cabin or ambient pressures 

G. Refrigeration System 
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Thermal capacitor performance following umbilical disconnect at 
SL-1 launch until radiator activation was as anticipated. Comparison 
of thermal capacitor data at various times throughout the mission revealed 
no degradation in performance. 


Flight data revealed no evidence of either pump degradation or 
coolant leakage in either of the two RS coolant loops. 

All RS internal loop segment components performed as expected 
including the CTCV and regenerative Hx. At no time did flight data 
indicate the regenerative heater in either of the two coolant loops to 
have been activated to aid in the regenerative capability of the 
regenerative Hx. 

Crews’ complaints with the RS consisted of: 

1. Inconvenience of the inner door on the freezer compartments. 

2. Poor space utilization in the freezers. 

3. Lack of canister restraint in the food chiller. 

Ice buildup on the surface between the freezer compartment 
doors impaired the latching of the freeze! doors to such an extent that 
periodic cleaning became necessary. 

H. Ground Thermal and Fluid Conditioning 
Systems 

The Ground Cooling Systems provided sufficient cooling to freeze 
the airlock thermal capacitors (- 10°F), This method of using a heat 
exchanger to transfer waste heat to a ground system prior to liftoff 
and a phase change material to supply heat removal en-route to orbit 
seems to be a sound method and should be considered in the future. 

Both the refrigeration ground conditioning system and the OWS 
ground thermal control system performed as anticipated. No anomalies 
occurred in either of these two systems. 

I. General Comments 

Both the AM coolant loop and the OWS refrigeration system 
demonstrated that when the control valves were stuck in a near optimum 
position, the outlet temperature would be acceptable without automatic 
control. This would suggest that for a reliable long life system with 
the man available, a backup hand valve may be desirable in parallel to 
the automatic system should it be required. 
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prmi/ , T ^ e 2 nomina:L solar constant given in NASA SP-8005 of 429 2 'a 

SkvlaWT 1 +*A l t h al ^ WS f ° r seasonal var iation appears to match the*° 
kylab flight data. The Earth albedo and emitted radiation values 

Ve f!! S .r if , , and thB seasons S iven ^ NASA SP-8067 also appear to 
match the Skylab flight data. In retrospect, the +3 a and + 2a 

environmental flux values which were used for desi£n purposed were 
probably conservative but should still be used in future programs to 
ffset degradation in coatings, actual conductances, actual heat loads 
active system performance variations, and anomalies^ 

The Z-93 radiator coating when continuously exposed to the Sun 

:ra%-^r^T erlment ’ C3n d£Srade “ launched 

davs if - 14/ - 9 i to approximately .33/. 91 in 123 equivalent Sun 

th^d If d ^ ° ne £ ° f a cylinder is exposed as on the AM radiator 
^degradation averaged around the cylinder would be approximately ’ 

TM DCS tn 1 L"d tiCal JHi e " ,S “ 3 manned vehicle shou l d hwe adequate 
Til DCS command capabilities, and manual overrides as used in Skylab 

This combination was invaluable in troubleshooting the problems Ind in 
providing system workarounds. 


them. 


Some circuit breakers were tripped by accidentlly bumping into 
Future designs should better shield against this. 

others fluidf^aii” Sl T ld ba ! iven t0 have facll itius to use each 
others fluids in all systems with compatible fluids (i.e. o /N 

l 0a lL h Tt been USed for TACS > AM co °l a nt could have been refilled 
by OWS Refrigeration System.) rermed 

, M . C f ltlcal components should be accessable, and adjustable (1 e 
AM coolant control valves, OWS refrigeration control valves, etc ) All" 
automatic controls snould have manual overrides whenever possible. 

Detailed review/test of tolerances, filters, and cleaning should 
be performed. Performance tolerance should be as loose as possible to 
allow increased physical tolerances in components. 

Simple inflight calibration of sensors is desirable. 

real-time system anlaysis is required, sensors should be 
p ovided for as many measureable parameters as possible. Although it 
is classically hard to support a need for these sensors preflighf the 
Skylab flight demonstrated the value of adequate system instrumentation. 

, . , The c , rew is an important part of the machine. They were in- 

£ e*\s; “-v™. 


APPENDIX A. SYSTEM EVOLUTION AND DEVELOPMENT 

The system design configurations presented in this report evolved 
over a period of several years. The most significant changes occurred 
with the change from the Saturn I "wet" workshop to the Saturn V "dry" 

ThI k mjQ P Trc nfi ? U ^ at ^ n and corres P° ndin S changes to program philosophies. 
The OWS TOS originally was to provide a habitable environment for the 

Habitability /Crew Quarters Experiment (M487). The OWS was also to have 
been an operational S-IV B upper stage fully loaded with liquid oxygen 
and hydrogen, which were burned at orbital insertion. After the residual 
propellents were vented and the compartments were pressurized, the crew 
was to carry in and install fans and other system components in the OWS 
at We P not cora Patible with liquid hydrogen. As a result, the initial 

nlt tZ had i bG siraple and re< I uir « a minimum effort for activation, 
he OWS thermal design was therefore primarily passively controlled with 

ia s ul ation and coatings and also had fans with cloth ducts on 
the sidewalls for additional temperature control. To meet the early 

d f te, K a i 1 ° f the vehicles (deluding a LM vehicle) that composed 
the cluster had to use essentially off-the-shelf TCS and ECS hardware 
and each vehicle was expected to provide its own thermal control. 

f-n ft, A q ^ he date was reschedl ’ entire concept was changed 

to the Saturn V dry workshop configuration (without a LM vehicle) . 

The workshop was launched VTithout propellents, and all hardware was 
preinstalled Inside before launch. All the Skylab TCS/ECS systems were 
allowed to becom, more sophisticated at this time because the launch 
date was extended long enough to qualify new hardware. Also, the 

eaab - hlCle Providing its own thermal control was dropped 
aad the “8/JCS systems were integrated into one overall system 

with central control in the AM. The following briefly describes the 
evolution of the systems resulting from changes to the original program 
lequirements and development problems. 

A. Atmosphere Control System 

an , , 1 * - arbori Dioxid e (C0 ? ) Control and Odor Removal - Cluster COo 
, T , r ? moval w f s ori Sinally supplied by Gemini Lithium Hydroxide 2 
(LiOH) canisters which had a 14-day capacity for two men and were to 
replaced in flight. A molecular sieve was to be carried in the 
cluster as an experiment. The status of the sieve changed with time. 

The sieve served as a backup for the LiOH system and then as a prime 
system with the LiOH as the backup system for missions longer than 
zo days. The LiOH system was eventually dropped and a second raolecu- 

MnLlp eVe T^ aS W±th b ° th Sieves to h& ^stalled in the Airlock 

oduie. These changes took place prior to the establishment of the 

Saturn V dry workshop configuration and the C0 2 partial pressure 

u qU f“rn aS 7 ‘ 6 After the dry workshop concept was base- 

lined the C0 2 partial pressure requirement was reduced to a value 
of 5.5 mmHg. In order to accommodate the new requirement, the flow- 

fbrough the sorbent canisters was increased from 10 ib/hour to 
ij o Id/ hour. 
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A concern over possible contamination of external optical 
surfaces by exhaust gases from the molecular sieves during bed 
desorption resulted in a directive to relocate the molecular sieve 
overboard exhaust ducts. As a result, both molecular sieve overboard 
ducts were combined and relocated to exhaust from a single outlet from 
the side opposite the optics. 


2* Humidit y Control- The capability to maintain the cluster 
dewpoint above the minimum 46°F allowable was marginal with a 40°F con* 
trol valve system (see paragraph F. of this appendix) and the problem 
was aggravated by the required molecular sieve flow increase since 
more atmospheric moisture was adsorbed and dumped overboard by the 
molecular sieve. However, this problem was ultimately solved by 
increasing the coolant temperature entering the condensing heat ex- 
changers from 40°F to 47°F, thus raising the atmosphere dewpoint by 
reducing the amount of moisture condensed in the heat exchangers. 

The original Gemini 40°F temperature control valves were replaced by 
off-the-shelf valves of a different design, but modified to control 
coolant temperature to 47°F. This change was accomplished simultane- 
ously with that required to reduce collant temperatures delivered to 
the battery modules. (See paragraph F. of this Appendix.) 

Concern that dumping condensate overboard might interfere 
with experiments which involved external sightings caused condensate 
system design requirement changes. Some of these changes are listed 
below: 


a. Relocated the AM condensate overboard dump ports to the 
opposite side of the spacecraft from the affected optical surfaces. 

b* Provided the capability to dump condensate from the AM 
storage tank to the OWS waste tank, which also was modified to pre- 
clude release of water or ice particles of sufficient size to con- 
taminate the optics. 

c. Modified the AM dump ports to include restricted outlets 
which would cause a more predictable exhaust plume profile. 

d. Provided capability to transfer condensate directly from 
the Ail condensing heat exchangers to an evacuated condensate holding 
tank (a modified OWS waste tank) located in the OWS. The condensate 
was to be stored in the holding tank and subsequently dumped to the 
OWS waste tank. This change resulted from water freezing at the OWS 
waste tank dump probe. Freezing was encountered during tests simu- 
lating condensate transfer from the AM storage tank to the OWS waste 
tank. The OWS dump prove was also modified to permit dumping from 

the AM condensate tank to the OWS waste tank. However, transfer to 
the OWS holding tank was retained as the primary method because the 
larger volume of the holding tank allowed a longer period of time 
between dump operations. 
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A design requirement change was made relatively late in the pro^ 
gram to provide a positive means for in-flight servicing bf the condensing 
heat exchanger water separator plates. This change was prompted by the 
concern that the plates might dry out during low water generation rate 
periods of the mission and by uncertainties associated with the previously 
baselined self-wetting method. The new method had the advantage of being 
a step-by-step process which assured positive plate wetting. Although, 
the self-wetting approach had been proven satisfactory during develop- 
ment testing, and required Fewer operational steps, its success in-flight 
would have been strongly dependent on cluster dewpoint and proper crew 
attention. The self-wetting technique was sensitive to both free water 
carryover to the molecular sieves and gas carryover to the condensate 
collection system. 


B. Ventilation System 

The AM ventilation system originally utilized Gemini cabin fans 
which were later replaced by GFE Apollo Post Landing Ventilation (PLV) 
fans. Advantages of the PLV fans were: (1) nee Jed no AC/DC power 

inverter, (2) required less power, and (3) standardized fans 
throughout the cluster since PLV fans were also used in the MDA and 
OWS. However, the PLV fans had undesirable flow/delta P characteris- 
ics for use in conjunction with the cabin heat exchangers. The lack 
of pressure head from the PLV fan necessitated the use of low pressure 
drop screens and ducting. The inclusion of sound suppression equip- 
ment in the fan module designs to satisfy cluster noise level specifi- 
cations resulted in additional system resistances, which also con- 
tributed to the marginal fan characteristics. Alternate fan designs 
which would provide more desirable flow/delta P characteristics were 
pursued but a decision was made to retain the PLV fan. The fan per- 
formed well during the Sky lab missions. However, problems were 
encountered during flight with dust and other particles passing through 
the coarse (low pressure drop) screens at the inlet to the OWS heat 
exchangers . 

The OWS ventilation system was modified with the change from the 
Saturn I (wet) to Saturn V (dry) workshop. The diffusers in the wet 
workshop configuration were mounted on the ceiling and the equipment 
was on the floor. In the dry workshop configuration, the diffusers were 
mounted on the floor along with various pieces of Skylab equipment. Addi- 
tional flow was required to maintain an average atmosphere velocity ‘of 
approximately 40 ft/min. since the reversal of the floor and ceiling 
placed equipment in the vicinity of the diffusers which disrupted their 
flow pattern. 


C. OWS /MDA/ AM Thermal Control System 

- 1 * Ml lQ ck Module - The only significant change made to the 
atmosphere cooling system was installation of the four OWS heat ex- 
changers and associated fans to provide more sensible cooling to the 
OWS. This change was made just prior to conversion to t^e Saturn V 


workshop configuration and the heat exchanger fan assemblies were lo- 
cated in the space previously alio ted to the LiOH system in the aft 
Airlock Module compartment. The change in orbit inclination angle from 
30o to 50° increased the mission beta angle extremes from +53.5° to 
+73.5°. Combined with the change to the basic solar inertial attitude, 

, this resulted in a more severe hot case external environment design 
condition. These factors resulted in a change from a multiple layer 
"super insulation" concept to the thermal curtain insulation design for 
the Airlock Module. 

2. Orbital Workshop - The Environmental /Thermal Control System 
as defined for the Saturn I (wet) workshop provided control by fan 
circulated gas in eight evenly-spaced ducts. These ducts were formed 
by a series of thermal curtains and rails around the periphery of the 
habitation area. This system gave gas temperatures in the range of 
approximately 55°F to 105°F. The design was based on a gravity gradient 
vehicle orientation at a 26.5 degree orbital inclination. A meteoroid 
shield with a black painted external surface ( a/e= 0.9/0. 9) was assumed 
with a moderate resistance to heat transfer (no gold) between the 
meteoroid shield internal surface and the tank wall. The min imum tempera- 
ture for safe astronaut entry after tank passivation was defined as 
-150°F and no active heaters were provided for warmup. 


During the latter part of 1967 and in 1968, studies delineated 
the advantages of controlling heat leaks in the tank sidewall, tank 
joint regions, the forward dome and the plenum region including the 
common bulkhead. These studies led to the gold tape on the tank ex- 
ternal surface, the forward dome high performance insulation system, 
the thermal shields on the external joint areas, and foam insulation 
in the plenum region. (The addition of foam insulation was not imple- 
mented, however, until after the change from a wet to dry workshop). 

By mid-1969, the system concept and design had undergone many changes. 
Crew comfort was no longer in the category of an experiment but more 
stringent requirements were defined as follows: 


Atmospheric Temperature 65 to 75°F 

Mean Radiant Wall Temperature 65 to 75 of 

Humidity 0.018 Specific (minimum) 

and 95% Relative (maximum) 
Touch Temperature 55 to 105°F 

Atmospheric Velocity 15 to 100 ft /min. 


The temperatures were to be controlled automatically or manually uti- 
lizing cooling delivered from the Airlock Module and 750 watts of the 
1000 watts of heater power available (500 watt capability in each of 
two ducts with fan clusters). All major surfaces were to be between 
60°F and 80°F, but localized surfaces accessible to the crew could be 
as cold as 55°F or as hot as 105°F. Radiant heaters providing a maxi- 
mum of 1000 watts were to be utilized for warmup to provide a QOF mean 
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internal temperature at pressurization initiation and a 40°F minimum 
internal temperature by the time tank seal and lighting installation 
was completed. 

The wet workshop requirements were reassessed with the change 
to a dry workshop configuration in September 1969, with the mission 
being flown in a solar inertial attitude at an orbital inclination of 
35 degrees. Before completion of this assessment, change to a 50 
degree orbital inclination was made in early 1970. This meant the 
design had to consider the increased heat loads associated with or- 
bits in 100 percent sunlight whereas the maximum previously had been 
73 percent Sunlight . Performance requirements were changed to include 
an expanded comfort box (which was the final specification comfort 
box). A minimum waste heat (housekeeping) load of 250 watts and a 
maximum metabolic (sensible) load of 1000 Btu/hour (293 watts) were 
defined. Maximum heater power usage for cold conditions was rede- 
fined as 825 and 1170 watts for nominal and two sigma conditions, 
respectively. The minimum electrical waste heat removal was speci- 
fied as between 600 and 1350 watts, being dependent on beta angle 
as well as consideration of nominal and two sigma conditions. 

The major design changes resulting from the preceding re- 
quirements were the addition of white paint on the solar-facing side 
of the meteoroid shield, the addition of 500 watts of manually con- 
trolled heater power in the third duct, and foam insulation added in 
the plenum region to alleviate potential condensation problems and 
to minimize the heat leak. 

In 1971, heat pipes were installed in the workshop to alle- 
viate potential condensation problems in the regions near the floor 
and ceiling supports, the wall behind the water bottles, the balsa 
wood forward joint and the back of the storage freezer in the forward 
compartment. Also, in this period the Airlock Module cooling deliv- 
ered to the workshop was redefined with a resultant 50 watt decrease 
in the specified minimum electrical waste heat removal equipment 
and an increase in the housekeeping load to 400 watts. The Airlock 
Module cooling was again redefined early in 1972 and the minimum 
housekeeping waste heat load was increased from 400 watts to 525 
watts which became the final design value. Based on these changes, 
the white paint pattern on the meteoroid shield external surfaces was 
finalized in February 1972. No significant design changes were made 
between this time and SL-1 launch. 


D. Gas Supply System 

The initial requirements were to store and supply 02 at sufficient 
quantities and flowrates for initial pressurization, for replenishment 
at atmospheric leakage, and for metabolic consumption for three crew- 
men for a 30-day mission and to provide O 2 and H 2 for the CSM fuel 
cell. The cluster atmosphere was to he 5 PSIA 0 2 . To store the re- 
quired 0 2 and H 2 , modified Gemini 0 2 and H 2 cryogenic tanks were 
mounted on AM trusses. Thermostatically controlled calrod heaters, 
installed on the lines downstream of the cryogenic tanks, warmed the 
gases supplied to the distribution system. Two 120 PSIG Gemini 
pressure regulators provided O 2 supply and pressure control. 

As the wet workshop design was firmed up, the cryogenic tanks 
were removed from the AM. 0 2 and N 2 were then supplied from the CSM 
for a two-gas atmosphere. 0 2 flowrates available from the CSM, 
however, were insufficient for meeting EVA/IVA and M509/T020 experi- 
ments support requirements. To meet the higher flowrate requirements, 
two high pressure gaseous 0 2 tanks (LM descent tanks) and two 240 PSIG 
0 2 pressure regulators were added to the AM in addition to the two 
120 PSIG regulators for normal flow already there. The gaseous 0 2 
tanks were to be launched pressurized to 2250 PSIA, and then, after 
depletion to below 1000 PSIA by usage, were to serve as accumulators. 
The accumulators were to be kept recharged with 0 2 delivered from the 
CSM to the AM. Gas in the accumulators was to bemused to supplement 
0 2 flowrates from the CSM. The 0 2 and N 2 required for S-IVB initial 
pressurization were to be supplied from the CSM through an umbilical 
to the MDA and to the AM system. The 0 2 and N 2 required for main- 
tenance of atmospheric pressure and 0 2 /N 2 composition control were 
introduced into the CSM. 


Changeover to the dry workshop with the Saturn V booster per- 
mitted a larger allowable launch weight. Consequently direction Was 
given to store all 0 2 and N 2 supplies required for the Slcylab mission 
onboard the AM. Storage of the 0 2 and N 2 as high pressure gases was 
selected over cryogenic storage because of lower cost, lower develop- 
ment risks, case of servicing, and more operational flexibility for 
the multi-mission Slcylab program. Additional changes in design re- 
quirements which reflected on the system design during this time are 
listed below: 

1. Requirement for both Digital Command System (DCS) ground 
command capability and onboard control of 0 2 and N 2 flow. 

2. Removal of all N 2 systems from the CSM, including removal 
of the automatic two— gas control system. Removal of the provisions 
to transfer 0 2 /N2 gas via an umbilical and QD from the CSM to the 
MDA. 
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3. Addition of the a»,tomru_ c two-gas atmosphere control system 
to the AM including the addition of two 5 PSIA cabin pressure regula- 
tors. 


A. Addition of two 150 PSIG N 2 regulators in the AM to regulate 
No coming into the cluster. 


5. Requirement for 10 OWS wafer tanks containing a total of 
6000 pounds of useable water due to the decision to supply all power 
for the cluster from solar cells, not from the CSM fuel cells. Along 
with this requirement came the requirement for two 35 PSIG N 2 regu- 
lators in the OWS (supplied from the AM) to pressurize the bellows 

in the water tanks. 

6. Requirement for supplying N 2 to the OWS for biomedical ex- 
periments. 


7. Requirement to supply N 2 instead of 0 2 to the mole sieve 
pneumatic valves. 

8. Requirement to supply two 5 PSXA N 2 regulators to pressurize 
resei voirs in the SUS cooling loop and the ATM C&D cooling loop sys- 
tems. 


9. Conversion of the M509 propulsion gas from 0 2 to N 2 . Addi- 
tion of 3 high pressure (3000 PSIA) N 2 tanks (containing 10 pounds 
each) to the cluster for the M509 experiment. Addition of an N 2 
recharge station in the AM for inflight servicing of the M509 N? 
tanks. ^ 


Changes were later required in the controlling range of the two- 
gas control system. The 0 2 partial pressure control range requirement 
of the two-gas control system was initially 3.7 +0.2 PSIA. It was 
determined by system analyses that this range could not be consis- 
tently achieved, based on the assumption of stacking maximum specifi- 
cation tolerances of the P0 2 sensor /amplifier assembly and the maximum 
specification deadband tolerances of the O 2 /N 2 controller. In 
addition, there was the potential for overlap~of the PO 2 control band 
and the C&W alarm band, again based on maximum tolerance stackup. 

The sensor/amplifier specification tolerances were based on extreme 
ranges of temperature (40°F to 90°F) and 0 2 partial pressure (0 to 6.4 
PSIA) in addition to further allowances for test instrumentation 
errors and long term drift effects. Subsequent analyses using test 
data applicable to a more realistic temperature range (60°F to 90°F) 
and 0 2 partial pressure range (2.8 PSIA to 3.9 PSIA) still showed a 
potential problem of consistently meeting the 3.7 +0.2 PSIA require- 
ment. 




A re-evaluation of cluster O 2 partial pressure limits during this 
time, resulted in a system PO 2 requirement change to 3.6 +0.3 PSIA. 

It was determined that this new requirement could be met by limiting 
the sensor/amplifier full-scale inaccuracy to +3 percent and by re- 
adjustment of the 0 2 /N 2 controller trip points. Accordingly, steps 
were taken to improve sensor temperature compensation so that worst 
case sensor /amplifier inaccuracy was 3 percent or less within the P0 2 
range of 2.8 to 3.9 PSIA and temperature range of 60°F to 90°F. Also, 
the controllers were changed by adjusting the lower trip point to 
minimize control band width and adjusting the upper trip point to 
center the band width around a nominal 3.6 PSIA 0 2 partial pressure. 


E. Depressurization System 

1* Waste Tank Vent - The waste tank concept originated in the 
days of the wet workshop. The original plan was to dispose of urine 
by dumping it overboard through a fitting installed by the crew in 
the side of the fuel tank. When tests revealed that this would be 
detrimental to the solar arrays, it was decided to have the crew 
punch a hole in the common bulkhead and install a heated dump probe 
so that urine could be dumped into the Liquid Oxygen (LOX) tank. 

Hie LOX tank was to be vented through the existing non— propulsive 
vent system and a second latching vent valve was added for redundancy. 

In the studies preceding the conversion to the dry workshop 
concept, the LOX tank (now called the waste tank) was found to be a 
desirable place to dump numerous types of waste materials. The trash 
airlock was installed in the common h«»tkhead and two additional heated 
dump probes were added for flushing «*i draining various water systems. 
Also added were fittings for venting waste processor exhaust gases 
and refrigeration pump coolant leakage into the waste tank. Since 
propellants were no longer being carried, it was possible to pre-install 
all of this hardware. 

In the original OWS LOX tank non-propulsive vent system, flow 
passed through one port in the tank, two parallel valves and two 20- 
foot long wraparound ducts to n 0 r. 2 J.es on opposite sides of the tank. 
Analytical studies showed that one of the two wraparound ducts would 
be subjected to temperatures well below the freezing point of water 
so that the duct was likely to become partially or completely blpcked, 
leading to unbalanced thrust. Since this would have placed a large 
load on the Sky lab control system, it was decided to redesign the vent 
system to its present configuration. The power cost for heating the 
present one-foot-long duct to prevent freezing was an order of magni- 
tude less that what would have been required for the original wrap- 
around ducts. The original waste tank vent system bad a small filter 




screen cohering the vent port. Because of concern that this screen 
would become completely blocked with trash bags, it was replaced by 
large area screens which separated the waste tank into compartments, 
ihe largest compartment received trash bags from the trash airlock, 
bach vent outlet was in a separate screened-off compartment and these 
two compartments were connected by a duct made of screen material to 
assure balanced venting. The liquid dump outlets were separated by 
screens from the trash area to prevent trash bags from freezing to 
tlie dump probes and possibly blocking them. 

The original large screens were coarse (16 mesh) since their 
objective was to control migration of the trash bags. It was later 
decided to use the screens to prevent overboard venting of any solid 
waste that might interfere with optical experiments and the 16-mesh 
screens were replaced with Dutch twill woven screens having 2 micron 
filtering capability. Extensive developmental tests verified the 
filtering capability of the new screens but indicated that they could 
become blocked when urine was dumped on them. A baffle was then 
added to prevent direct impingement of the dumped urine on the screens. 

2- Waste Tank Heated Liquid Dump Probe - The oi'iginal heated 
probe was 3.5 Indies long and extended only 0.5 inch beyond the waste 
tank bulkhead. A Kapton heater blanket was wrapped around the 0.25 
inch diameter silver tube and held in position with a coil spring. 

Front and back heaters were sized at 7.5 watts each. 

During qualification testing, the heater blanket overheated 
and failed due to poor thermal contact between the blanket and silver 
tube. Two attempts to improve the thermal contact (using Eccobond 
to bond the blanket to the outside diameter of the silver tube and 
using Nomey yarn woven over the heater blanket to hold the blanket 
against the silver tube) were unsuccessful. 

A .decision was made to redesign. The basic objective was to 
keep the water from freezing. The approach was to double the heater 
power and to increase tlie heat flux to the probe tip. The length of the 
probe was increased to extend 6 inches beyond the bulkhead to reduce ice 
bridging potential. Redundant heater circuits were maintained and each 
circuit was positioned lengthwise over the entire length with a watt den- 
sity of 3 watts/inch at the probe tip and a watt density of 1 watt/inch at 
the upper end of the probe. The orifice at the tip was angled and located 

radially to expel Liquid parallel to the waste tank baffle, thereby pre- 
venting ice buildup. y * 

3 * Habitation Area Vent Valve System - Prior to SL-1 launch, 
testing indicated the possibility that an excessive delta P across 
the OWS common bulkhead would occur with the Saturn S-IVB wraparound 
duct orifice and a vent sequence which allowed the OWS habitation 
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area and waste tank to vent simultaneously at orbital insertion. The 
initial vent sequence was revised so that the OWS habitation area 
would be vented at 205 seconds after liftoff rather than at orbital 
insertion and the orfice diameter decreased from 1.78 inches to 1.49 
inches. These two changes decreased the common bulkhead delta P to 
acceptable levels. 

The OWS pneumatic system for the waste tank and habitation 
area vent valves was essentially the same as that used on S-IVB ex- 
cept that the regulator was removed. This simplficiation was the 
result of a shorter required operational life (1 hour versus 7 hours 
on S-IVB) and confidence in the system’s low leakage capability built 
up during the S-IVB program which permitted lowering the supply pres- 
sure to a level within the operational range of the actuators. 

4* Solen o id Vent Valve System - The habitation area vent system 
on the wet workshop consisted of the S— IVB pneumatic vent valves and 
a crew operated valve for venting the residual hydrogen vapor. At 
the time of wet-to-dry conversion, it was decided to add capability 
to vent by ground command at any time in the mission. Since it was 
felt to be impractical to maintain a pneumatic supply throughout the 
mission, it was decided to replace the manual valve with a set of four 
solenoid operated vent valves. As a result of system design review 
activities during the Skylab Operations Compatibility Assessment Re- 
view during 1972, a decision was made to add a vent screen over the 
entrance to the four solenoid valves to prevent debris from being 
blown into the valves. (Even with the screen, some blockage of the 
solenoid vent valves occurred during the flight [see Section VI. B. 3]. 
Without the screen, the effectivity of the solenoid vent valve system 
would have been severely limited.) 

5. MPA Vent Valve System - The initial MDA vent valve design 
consisted of two four-inch vent valves in parallel. These valves 
were later installed in series to provide redundancy for the failure 
mode condition of one valve not closing when commanded by the Instru- 
ment Unit (IU). The originally planned ground command capability for 
the valves was also deleted since the command capability would be 
needed only in remote contingency situations. 

6 * Aft AM Vent-to-Vacuum - This vent was used in the wet work- 
shop to vent the aft section of the AH to a vacuum during boost, 
thereby preventing any chance of having a higher pi'essure in the aft 
AM than in the OWS while the OWS was being vented to vacuum to remove 
all the Ul2* The vent could be manually closed by a crewman in the 
airlock and the art AM could then be pressurized. Mien the dry work- 
shop concept was selected, the aft compartment could be vented to the 
Lock compartment, so the valve was removed. Two check valves were 
placed in the OWS hatch to prevent any higher pressure on the aft AM 
side of tlie OWS dome. 
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F. Airlock Module (AM) Cooling Loop 


<^ om S !! Veral deSlSn chan § es were made during the program due to revised 
t L - ? qu ^ rements and a few development problems which were encountered 
IX therm^ ° f , the Airlock ^ l°o P included a single’ 

s^-zkt -" 2 w=r 

cooUHg loop upstream of the 40°F control valve. A thecal capIcSor waf 
dded downstream of the radiator in order to accommodate the system loads 

A rP » ln ade <i ual:e temperature control throughout the orbital period 
A requirement to provide cooling to the ATM console and various EREP ' 
components resulted in the addition of the ATM/ EREP water cooling^oop to 

“ -cany Tn^"f ieure^A T'r l0 ° P ' ^ reSUltin S ^ Ste ” is sche- 

. “ 3 “ rsv' k ““2 “• » 

7 secona 47 F control valve was added along with one additional 

routed gGr - in r l : COQling l0 ° p) and the flow pathfwere re- 

routed to provide the desired automatic control system. The resulting 

llTul: of ? h tSd “ fi8 r A - 2 ’ H0HeVer - tests'conductid to p^ve the 

stability of the system showed that the system was unstable. 

would Beca ?® e of the short time available to develop a design which 

tes s led V J C0ntr01 Stabllit y> a ta ^ approach was taken. 8 The 
tests led to rearrangement of the lines interconnecting the suit 

Une wft^h? T f; rSj the addlti0n ° f a heat -changer bypass 

valve Th^flnar 111 !' 2 ’ and r the additlon of the EVA flow selector 
T,J Th f c na } s y s tem configuration is depicted in figure A-3 
The purpose of the above changes was to thermally isolate the ho ^ 

I^th^h ln |? tS A° the downstreaIn temperature control valve (TCVB) 

hrough thf ^ h0t and C ° ld ialets “» thermally coupled 

through the heal exchangers upstream of the valve to such an extent 

that a small temperature differential existed for normal operating 

conditions and the thermal inertia of the system produced excessive 

to lo a d° Vem i nt instability)when valve movement was required due 
load 01 temperature changes. Several configurations which 
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Figure A-l. AM Cooling Loop (40°F System) 
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Figure A-2. AM Cooling Loop (47°F Unstable) 










Figure A**3. AM Cooling Loop (Final) 
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incorporated only the rearrangement of lines interconnecting the heat 
exchangers were tested. Some improvement was seen, but, in order to 
attain stability over the required range of heat load and temperature 
conditions, other changes were necessary. A bypass valve was incor- 
corated for use during non-EVA which completely bypassed the suit 
cooling system and regenerative heat exchanger. A bleed of approxi- 
mately 30 lb./hour of cold flow was incorporated which, coupled with 
the rerouting of lines through the heat exchanger,, resulted in 
stability for EVA conditions. 

A design change was required for the thermal capacitor after the 
OWS Refrigeration System (RS) capacitor failed during qualification 
testing. (The only difference between the AM and RS capacitors was the 
use of Undecane wax in the RS design rather than Tridecane was.) 

The container ruptured as a result of forces produced by the volume 
change during melting.' An ullage was available, but the design al- 
lowed the ulla,'i to be far removed from the phase change location. 

In the' original design, the cells within the capacitor were inter- 
connected and the ullage could be located anywhere within the capaci- 
tor. The final design incorporated a honeycomb cell structure with 
ullage in each of the cells. Since requirements associated with the 
Z-LV orientation for expanded EREP operations had significantly re- 
duced the radiator capability for some maneuvers, a second twenty 
pound capacitor was added as part of the redesign to provide addi- 
tional capability. 

The original design of the suit umbilical system water loop did 
not incorporate a liquid/gas separator. The separator was added due 
to concern that free gas might be introduced into the loop.by frequent 
making and breaking of QD’s for configuration changes. In retrospect, 
a similar separator should have been added to the ATM C&D/EREP water 
loop since free gas problems were encountered in flight. However, 
the Roccal additive in that loop was not compatible with the separator 
and the approach taken was to minimize the free gas present in the 
loop. The additives were changed in the SUS loop and the change re- 
sulted in additional problems as discussed in the following paragraphs. 

The early design of the SUS loop utilized untreated MMS-606 
(deionized) water as the circulating meu Lum. Vendor pump tests using 
this fluid disclosed starting problems, caused by corrosion on the 
pump internal parts. These problems forced a change of the pump vanes, 
rotor, and liner materials from the more wear resistant tungsten 
carbide to a more corrosion resistant carboloy alloy. The materials 
changes combined with the addition of additives to the water for cor- 
rosion and bacterial control resulted in satisfactory pump performance. 
These additives were 2% by weight of dipotassium hydrogen phosphate 
and 0.2% by weight of sodium borate for corrosion control and 500 PPM 
Roccal for bacteria control. This fluid composition and pump design 
was also used in the ATM C&D/EREP coolant system. 
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After installation of the liquid /gas separator in the SUS loops 
testing indicated that the Roccal additive was incompatible with the’ 
separator performance, causing water carry-over through the gas dis- 
charge port. A concern was also expressed about the presence of the 
Roccal reducing the strength properties of the tygon tubing in the 
LCGs The Roccal was therefore replaced by 20 PPM movidyn, another 
locide consisting of a colloidal silver solution. Subsequent SUS 
loop operation with this new fluid resulted again in problems with 
pump starting. Failure analysis determined that the pump locked up 
after dormancy due to deposits formed by interaction of the dipotassium 
ly rogen phosphate and silver in the movidyn with nickel from the fins 
of the SUS loop heat exchangers. These deposits formed between the 
pump vanes and rotor interfaces, preventing one or more of the vanes 
from moving freely in the rotor slots. 


At -hat point in the program, the flight vehicle was undergoing 
final tests in preparation for shipment to KSC, so a crash effort was 
undertaken to determine a solution to the problem. The basic approach 
was to find a suitable replacement for the water solution. Simul- 
taneously, additional design analyses and tests were conducted on 
alternate pumps and heat exchangers in the event of failure to find a 
SU ^^ 1 ® re P laceme nt fluid. An alternate pump module, utilizing a 
modified GSM coolant pump, powered by a transformer and compressor 
inverter, was designed and tested as a backup to the existing pump 
?° u e ‘ Also ’ a de sign feasibility study was initiated to modify the 
SUS loop heat exchangers to an all stainless steel configuration. 


Neither of the above design changes was required. The final 
solution was arrived at by beaker- type materials testing and end-to- 
end systems testing on a variety of candidate fluid compositions. 

established sus lo °P compatibility with a fluid consisting 
of MMS 606 water containing additives of 20 PPM movidyn and 500 PPM 
sodium chromate. The SUS pumps were also modified by increasing the 
vane/rotor clearance to further minimize start up problems. 


The flight vehicle SUS loops were drained, cleaned and re- 
serviced at KSC with the new fluid. The modified increased clearance 
pumps were also installed. The final system configuration proved to 
he satisfactory as evidenced by the fact that no problems with SUS 
pumps were experienced at any time during the mission. 


G. Refrigeration. System 

The original Refrigeration System (RS) design included a low 
temperature proportional mixing thermal control valve similar to the 
Airlock Module cooling loop thermal control valves. This valve con- 
trolled the flow through the P" radiator such that the mixed tempera- 
ture was -17 +3 F. The original system is depicted in figure A-4. 

Three development problems were encountered with the thermal 
control valve during development: 

1. A side displacement (squiring) of an internal metal bellows 
resulted in drift in the control temperature. 

2. Outlet temperature instability due to high gain at extremes 
or sleeve position. 

3. Poor quality control of bellows welds which resulted in 
failures during tests. 


As a result of the above problems, the valve was deleted from the 
design. In order to provide low temperature control of the system, 
the existing radiator bypass valve control logic was modified. The 
temperature sense points for valve actuation were moved from the 
capacitor third segment outlet to the capacitor first segment outlet, 
and the temperature trip points \*ere adjusted from -20°F and -40°F to 
-13 F and -34°F. When -34°F was achieved, the bypass valve was com- 
manded to full radiator bypass. When the sense point warmed to -13°F 
the valve returned to full radiator flow. The final system configura- 
tions is depicted in figure A-5. ° 


„ . _ The R S thermal capacitor was redesigned along with the Airlock 
Module cooling loop capacitor as discussed in paragraph F. of this 
appendix. 
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Figure A-4. Original RS Design 
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APPENDIX B. OWS SOLAR ARRAY SYSTEM 


A. OWS Solar Array System (SAS) Deployment Description 


The OWS solar array panels were stowed within two fairings approx- 
imately 180° apart on the sides of the stage. Deployment was to be 
accomplished in two parts. First, the beam fairings containing the 
panels were to be released from the OWS tank sidewall and rotated approx- 
imately 90 , extending from the OWS forward skirt. Second, the panels 
W ere to be released from the beam fairings and unfolded to the deployed 
position. Release of the beam fairings and the panels were to be ac- 
complished by firing ordnance within expandable tubes which would sever 
the tiedown links, allowing deployment to commence. Deployment rates 
of the beam fairings and panels were controlled by actuator/dampers 
(A/D) shown in figures B-l, B-2 and B-3. The spring provided the energy 
source for deployment and the damping fluid served to control the deploy- 
ment rate. Once deployment was completed., the panels were locked in a 
position such that their active surface was normal to the sun when the 
vehicle was in the solar inertial orientation. 


B. OWS Solar Array System (SAS) Deployment Thermal Evaluation 


At approximately 63 seconds 'into the Sky lab I flight, the vehicle 
experienced structural failure of the OWS meteoroid shield. This failure 
unlatched and partially deployed SAS Wing 2 beam/ fairing which was sub- 
sequently torn off by the SIT retro-rocket plume impingement at 593 
seconds. A bent piece of meteoroid shield splice joint held the OWS 
SAS Wing 1 beam/fairing (B/F) such that the three wing sections were 
only partially deployed as shown in figure B-4. On DOY 158 when the 
crew performed an EVA to deploy the SAS, the temperature of the B/F 
actuator /damper (A/D), located in the forward fairing, was estimated 
to be -60 F. The B/F and wing section A/D’s were designed and tested 
to minimui temperatures of ~7°F and -25°F, respectively. These tempera- 
tures were consistent with the SL-1 timeline which provided for nominal 
deployment at liftoff. Post liftoff testing results indicated that the 
B/F A/D would fail to move at temperatures below -40 °F, due to the in- 
crease in the fluid viscosity. A sketch of the A/D is shown in figure 
B-5 and its fluid viscosity is given in Table B .1. The damping fluid 
for both wing and beam fairing A/D’s was Dow Corning Silicone 200. 

However, different fluid viscosities were selected for the B/F and wing 
section A/D J s based on their individual thermal and dynamic requirements. 
For the B/F A/D the viscosity of the fluid increases as its temperature 
decreases such that the spring force could not overcome the fluid damping 
force at -40°F. 
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Figure B-i . SAS Deployment Mechanism 
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Figure B-4. Partially Deployed SAS Wing 1 









Table B.l SAS Beam/Fairing and- Wing Section 
Actuator /Damper Fluid Viscosity 
(Dow Corning Silicone 200) 


TEMPERATURE 

(F°) 


VISCOSITY 
BEAM FAIRING 


(CENTI STOKES) 
WING SECTION A/D 


-60 

-40 

-20 

0 

40 

80 

120 

160 


87,000 

63,000 

62,000 

45,000 

45,000 

34,000 

33,000 

25,000 

19,500 

15,000 

13,000 

9,500 

8,400 

7,000 

5,900 

4,700 


A maneuver was defined to warm-up the B/F A/D such that the B/F 
would deploy after the meteoroid shield debris was removed but was not 
implemented due to the consequent reduction in electrical power avail- 
ability. Rather, the crew, after cutting loose the meteoroid shield 
debris, broke a clevis which provided a link between the A/D and the 
forward fairing. This allowed the B/F to deploy fully with the A/D 
still frozen. After B/F deployment, the wing sections did not immedi- 
ately fully deploy because the wing section A/D’s were also frozen. 
These A/D's were identical to the B/F A/D’s except that their fluid 
viscosity was somewhat less as shorn in Table Bil. 

After B/F deployment, the wing section A/D’s cooled down, since 
the SAS was no longer adjacent to the warm 0WS stage. Figure E-6 
represents the predicted cooling characteristics of the wing A/D with 
the B/F deployed. Subsequently, a planned —45 degree pitch maneuver 
was made to direct solar heating on the B/F top surface to warm the 
frozen wing section A/D’s and allow wing section deployment. Figure 
B-7 shows the predicted warm-up rate of the wing A/D assuming a pitch 
attitude of -50 degrees, which would produce a slightly greater warm-up 
rate than a pitch of 45 degrees . 


SAS sensor C7161-432 (figure B-4) was monitored real-time to esti- 
mate the temperature of the wing section A/D T s prior to deployment. 
Analyses indicated that the coldest wing section A/D (Panel 3) was about 
10 °F colder than the sensor indication. The analysis further indicated 
that the outboard wing A/D (Panel 1) was about 15 °F warmer than the cold 
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Figure B-7. Wing Actuator/Damper Warm-Up 
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A/D s. Locations of the A/D’s and temperature sensors are shown in 
figure B-4. Figure B-8 shows the recorded history of C716 1-432 to the 
time of B/F deployment, at which time, the indicated temperature was 
-45 °F. The A/D to sensor temperature difference relationship estab- 
lished by analysis would indicate that the coldest and warmest A/D's 
were -55°F and -40 °F, respectively, at the time of B/F deployment. How- 
ever, the deployment test data given in figure B-9 indicate that Wing 
Panel 1 would have deployed within 10 minutes following B/F deployment 
if the Panel 1 A/D was at a temperature of -40 °F. Test results also 
showed that below -50°F the damper fluid viscosity was too great to 
permit actuate) i extension. Since Panel 1 did not deploy shortly after 
B/F^deployment, the Panel 1 A/D must have been initially at or below 
~50 o F, and the A/D's on Panels 2 and 3 must have been approximately 
-65 F, as substantiated by the following discussion. 

The SAS Panel 1 A/D temperature history was generated assuming its 
temperature was at -50°F at the time of B/F deployment, and compared 
with the deployment percent and vehicle attitude timelines in figure 
B— 10. The analysis showed that following B/F deployment, the Panel 1 
A/D cooled from -50°F to -60°F, at which time (1944 GMT) the vehicle 
was pitched -45 degrees, and the wing A/D began to warm up. At about 
2130 GMT the Panel 1 A/D had increased to approximately -50°F, and with- 
in £0 minutes. Panel 1 was 100 percent deployed. The temperature of 
the cold A/D's (Panels 2 and 3) was assumed to be -65°F (15°F colder 
than the Panel 1 A/D) at B/F deployment. Following the cooldown and 
warmup. Panels 2 and 3 A/D’s had reached -50 °F shortly after 2300 GMT, 
at which time these panels started to deploy, and 100 percent deploy-' 
ment was noted at 0030 GMT on DOY 159. The vehicle was returned to the 
solar inertial attitude at 2340 GMT. The times of deployment were some- 
what longer than the temperature-deployment time relationship estab- 
lished by the test. 


C. OWS Solar Array Thermal Evaluation 


Due to the changes in vehicle configuration, the pre-flight ther- 
mal models of the OWS SAS had to be verified. The OWS meteoroid shield 
was removed and the parasol/ twin pole sun shield was added to the ther- 
mal model. The model was then used to predict temperatures of the solar 
cells and the SAS temperature transducers located on the edge channel of 
the panels. The location of the transducers is shown in figure B-ll. 


Comparison of flight with predicted temperature profiles showed 
goou correlation. However, two differences did exist. Figures B-12, 
B-13, E-14, and B-15 show the flight and predicted temperature profiles 
for the transducer C7147 at £ angles of 0 , 30°, 65.5° and 75.5, 
respectively. As shown in figures, the temperatures compare well during 
the sunlit period of the orbit. However, it Is seen that near orbital 
noon, the flight data reached and sustained peak temperatures 


13- if) 


TEMPERATURE (°F) 


© SL-l LAUNCH 
© -28° ROLL FOR FLYAROUND 
© SHIELD DEPLOYMENT 
® SOLAR INERTIAL 
© B/F DEPLOYMENT 
© WING DEPLOYMENT 



38 ‘ 14 


DAY OF THE YEAR 

Figure B-8. SAS Wing I Sec 3 Panel 3 
Sensor C71S1-432 
Temperature History 


56 158 


I 










1 

t 




% DEP'L, panel 3 


SOLAR INERTIAL 



-45° PITCH 



TIME (GMT HOURS) 


Figure B-1Q. OWS SAS 

Wing A/D Temperature and Deployment Histories 





INACTIVE SIDE 



Figure B-ll. Solar Array System, Temperature Transducer Location 
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Figure B-12. Comparison of Flight and Predicted Data for 
Transducer C7147-432 at e = 0° 
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Figure B-14. Comparison of Flight and Predicted Data for 
Transducer C7147-432 at 3 = 60.5° 
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Figure B-15. Comparison of Flight and Predicted Data for 
Transducer C71 47-432 at $ = 73.5° 










higher than were predicted. The predicted temperatures were based on 
the assumption that the SAS would be operating at peak power continuous- 
ly in sunlight. In reality, the SAS x*as typically only operating at 
peak power during the first 20 minutes of sunlight in a solar inertial 
orbit. When it operated below peak power, the array efficiency dropped 
resulting in additional thermal energy to be dissipated. This additional 
energy caused the array temperature to increase ur.til it could be dissi- 
pated by radiation. 

The other difference is that the flight temperatures did not de- 
crease as much as predicted during the orbital night periods (shorn in 
figures B-12, B-13 and B-14) . This difference could be caused by One 
or more of the following: 

1. Actual solar panel thermal capacitance greater than 
predicted. 

2. Actual localized thermal capacitance at the sensor 
location was greater than predicted. 

3. Actual Earth infrared heat flux greater than predicted. 

No justification could be found for changing any of these parameters; 
however, arbitrary changes were analyzed to show the effect of each 
parameter . 

Figure B-16 presents a comparison between flight data and analy- 
tical predictions based on a 30 percent increase in panel capacitance. 

With this revision to the analytical model, the temperature difference 
that existed during the dark portion of the orbit is much improved. 

Also presented in figure B-16, are analytical predictions based on a 
maximum (rather than normal) Earth IR heat flux component. This arbi- 
trary change also increased the temperature during the dark portion of 
the orbit; however, its correlation with flight data is not as good as 
an increased capacitance. Figure B-17 presents a comparison of flight 
data and analytical predictions based on an increased mass on the 
structural channel to which the transducer is attached. As can be seen 
in this figure, additional masses of 19 and 38 percent were analyzed 
and the results agree relatively well with flight data. The results 
of the analyse*? previously discussed indicate that the most probable 
cause of the difference between the predicted and flight data is the 
thermal simulation near the temperature sensor on the structural 
support channels. 

Daily maximum temperatures of C7146 and C7147 are shown in figure 
B-18 for the entire mission. These data show several trends of interest. 
One trend is a general increasing of temperatures as the mission progressed 
This trend was attributed to the seasonal increase in the solar constant 
and agrees well with analytical predictions. 
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Figure B-16. Effect of Capacitance and Heat Flux Increases 







Analytical results and a discussion concerning possible degrada- 
tion in the Z— 93 thermal control coating- used on the inactive side of 
the SAS panels can be found in Section IV of this report. 

Another trend indicated by the data in figure B-18 is that higher 
absolute values of 3 cause cooler maximum SAS temperatures than lower 
values of g . This trend, which was predicted preflight, is caused 
by the increased albedo and Earth infrared heat fluxes on the back side 
of the panels at low g angles. Additionally, the data indicate that 
deployment of the twin pole shield on DOY 219 caused a cooler environ- 
ment for the panels. Photographs indicate that the twin-pole shield 
provided additional solar shading of the highly reflective gold foil 
on the OWS tahkwall near Position II. It is believed that a reduction 
in the reflected solar energy impinging on the cell side of SAS after 
this shield was deployed caused the SAS temperatures to decrease. 

For future space applications of a similar nature it is recommended 
that the temperature transducer be located so as to measure the tempera- 
ture of interest (solar cell temperature) or that thermal tests be per- 
formed to determine the correlation between the temperature of interest 
and the temperature measured by the transducer. 
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